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PART I1 
PHASE I RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION 

II.1 INTRODUCTION 

The Operable Unit 4 (OU4) Phase I Resource Conservation and Recovery Act (RCRA) 
Facility Investigation/Remedial Investigation (RFURI) at the Rocky Flats Plant (RFP) was an 
integrated investigation undertaken to satisfy the requirements of RCRA (as amended), the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and the 
Colorado Hazardous Waste Act (CHWA), under the requirements of the Interagency Agreement 
(IAG) of 1991. This investigation pertained to the characterization of soils at the Solar 
Evaporation Ponds (SEPs) located within OU4, which are also designated as Individual 
Hazardous Substance Site 101 (IHSS 101). The investigation was designed to evaluate the 
potential for the SEPs to act as continuing sources of contaminants, to evaluate whether 
Contaminants are present in the vadose zone soils, and to assess the effectiveness of the 
Interceptor Trench System (ITS) in capturing shallow ground water. 

Historic sources of contaminants at OU4 have been liquids and sludges disposed of in the 
SEPs. These liquids and sludges may have entered the subsurface and may continue to be a 
source of contaminants beneath the SEPs. The liquids and sludges within the SEPs are 
characterized and described in the pre-IAG draft Solar Evaporation P o d s  Closure Plan (DOE, 
1988), and the Analysis of Solar Pond Sludge and Water (Weston, 1991). According to these 
documents, the SEPs received wastes including low-level radioactive process wastes containing 
high nitrate concentrations, neutralized acidic wastes containing aluminum hydroxide, and 
additional wastes containing sanitary sewage sludge, lithium metal, sodium nitrate, ferric 
chloride, lithium chloride, sulfuric acid, ammonium persulfates, hydrochloric and nitric acids, 
hexavalent chromium, and cyanide solutions. No solvents or other organics were reported as 
routinely discharged to the SEPs. A summary of the analytical results of SEP liquids and 
sludges is presented in Appendix 1I.A. 

@ 

This section presents an overall summary of the basis for conducting the Phase I RFI/RI, 
as well as a brief description of the investigative objectives and activities. Figure 11.1-1 shows 
the boundary of OU4 and the area encompassed by the Phase I investigation. 

11.1.1 Purpose and Organization of the Phase I RFI/RI Report 

The purpose of the Phase I RFI/RI report is to present the data and evaluations that 
characterize the physical features of OU4, potential contaminant sources, and the surface and 
subsurface distribution of contaminants. The Phase I RFI/RI report is organized into seven 
sections. Section 1, Introduction, provides a brief overview of the objectives and activities 
conducted for the Phase I RFI/RI and a summary of previous investigations at OU4. Section 
2, OU4 Field Investigation, describes the activities and methods used to complete the RFURI. 
Section 3, Results of the Phase I RFI/RI, presents the results of the RFI/RI. Section 4, Nature 
and Extent of Contamination, integrates the historical and Phase I data, providing an evaluation 
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of the lateral and vertical distribution of contaminants in surficial soils and vadose zone soils and 
an evaluation of impacts from potential sources. Section 5, Contaminant Fate and Transport, 
describes a site conceptual model and the properties of identified contaminants and their potential 
for migration at OU4. Section 6, Summary and Conclusions, provides a concise summary of 
the findings of the Phase I RFI/RI, conclusions regarding the nature and extent of contamination, 
and recommendations for further activities. The 
evaluation of the ITS effectiveness, originally scheduled for presentation in the Phase I RFI/RI 
report, is presented in the Phase I1 RFI/RI Work Plan. 

Section 7 contains the list of references. 

11.1.2 Phase I RFI/RI Overview 

The Phase I RFI/RI is part of a comprehensive, phased program of OU characterization, 
remedial investigation, feasibility studies, and rernedial/corrective actions currently in progress 
at RFP. The objectives of the Phase I RFI/RI were to: 

Characterize the physical features of the site; 

0 Evaluate potential contaminant sources; 

Evaluate the presence or absence of contaminants at the site; and 

Provide a baseline risk assessment. The baseline risk assessment was delayed by 
agreement between the DOE, EPA, and CDH to develop additional data during 
the Phase I1 RFI/RI program to be conducted during 1994 and 1995. 

Specific tasks identified to accomplish these objectives were to: 

Investigate the former location of the Original Ponds; 

Characterize the vadose zone associated with the SEPs, including potential routes 
of contaminant migration; 

Evaluate the presence or absence of contaminants in the surficial and subsurface 
soils; and, 

Assess the effectiveness of the ITS. (The ITS assessment is presented in the 
Phase I1 RFI/RI Work Plan.) 

An evaluation of contaminant sources was conducted as part of the Solar Evaporation 
Ponds Closure Plan (DOE, 1988) and the Analysis of Solar Pond Sludge and Water (Weston, 
199 1). No additional source characterization was conducted during this investigation. Results 
from the earlier investigations are summarized in Appendix 1I.A. 
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To accomplish the other objectives of the Phase I RFI/RI, the Field Sampling Plan (FSP) 
was designed to provide for the characterization of the Original Ponds and existing SEPs (IHSS 
lol), the investigation of surficial soils within the OU4 boundary, the investigation of properties 
of the vadose zone, and the description of the geology of OU4. Although an evaluation of the 
ITS was proposed as a Phase I task, the data collected to evaluate the effectiveness of the ITS 
to collect and contain contaminated ground water moving within the vadose zone and shallow 
saturated zone above bedrock are presented in the Phase I1 RFI/RI Work Plan. 

a The OU4 investigation is separated into two parts: characterization of the Original Ponds 
area and characterization of the existing SEPs. Historical data, including aerial photographs and 
facilities drawings, were reviewed, and field data were collected for the Original Ponds 
characterization. Ground-penetrating radar (GPR), drilling, sampling, and chemical analyses 
comprised the field data collection activities. The existing SEPs 207-A, 207-B North, and 207-B 
Center were characterized through visual inspections, radiological surveys, liner and subgrade. 
sampling and analysis, and drilling, sampling and analysis of vadose zone soils. In addition, a 
GPR survey was conducted to investigate the geophysical characteristics of the SEP 207-A liner 
and subgrade materials. SEPs 207-B South and 207-C currently contain liquids and sludges and 
will be investigated at a later date. 

Surficial soils in OU4 were evaluated using radiological surveys and chemical analyses. 
The radiological surveys included bedgamma surveys. Alpha surveys were attempted but were 
not successful because of instrument damage. (Damage to the thin film by grass and rocks has 
been observed during investigations of other OUs.) Surficial soil samples were collected for 
chemical analysis at borehole locations, randomly selected locations, and other locations of 
interest such as areas of stressed vegetation and seeps. 

@ 
The vadose zone investigation included drilling, soil sampling, and instrument installation 

for measuring physical and chemical characteristics of the vadose zone. Physical properties 
were determined from cores extracted for laboratory analyses during the soil sampling program. 
Hydrological properties were investigated through field permeability tests, laboratory analyses, 
neutron probe measurements, and water level measurements in monitoring wells. Chemical 
properties of the vadose zone were assessed through soil chemical analyses, a soil gas survey, 
chemical analyses of pore water collected from lysimeters, and column leaching tests performed 
on selected soil core samples. 

~, 

The geological investigation included/ a historical review and compilation of data from 
existing boreholes; a drilling, sampling, and chemical analysis program; and a geophysical 
investigation. Boreholes drilled within OU4 augmented the geological interpretation based on 
historical data, and allowed samples to be gathered for chemical analysis. The geophysical 
investigations included a borehole geophysical program to aid in characterizing the surficial 
materials, and a seismic refraction program to aid in delineating paleochannels and bedrock 
topography. 
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11.1.3 Previous OU4 Investigations a - 
This section briefly describes the investigations previously conducted at OU4 and 

evaluates their usefulness for the current site characterization efforts. Information and 
conclusions from the previous investigations have been used in this RFI/RI program to develop 
preliminary conceptual models and to expand the data base. Appendix I1.B supplements this 
section and provides a tabulated summary of previous investigations in the SEPs area. 

In 1951, before any buildings or structures were constructed, the area occupied by the 
existing SEPs was evaluated to determine the suitability of the site for a pond. A report was 
prepared that discussed the geology of the site and the ground water as it was known from 
document review and from a review of cores extracted from boreholes for laboratory analyses 
(Mudge and Brown, 1952). Boreholes had been drilled in the vicinity of the proposed major 
buildings (including Buildings 771, 88 1, 444, and 123) to determine geotechnical properties of 
the subsurface for design purposes. Much of the ground water information in the Mudge and 
Brown report was obtained from a previous study of ground water conditions at the RFP 
(Austin, 195 l), which recommended drilling several wells upgradient and downgradient of the 
site to monitor the ground water, Both of these documents indicate that pediment gravels overlie 
impervious clays, but that the clays are fractured and capable of transmitting water downward. 
Mudge and Brown concluded that the area is not suitable for an unlined pond because of the 
potential for downward migration of water. However, approximately two years after these 
studies, in 1953, the Original Ponds were constructed and lined with bentonite. 

In 1954, a spring on the hillside north of the Original Ponds was sampled and determined 
to be contaminated with nitrates. The Waste Disposal Coordination Group at the RFP concluded 
that the contamination in the spring was a result of leakage from the original clay-lined pond. 
A test well (No. 0354) was dug at the northeastern comer of the Original Pond and the spring 
was enlarged so that water samples could be collected. These actions and the subsequent 
monitoring of the spring were reported in the monthly progress reports of the Rocky Flats Waste 
Disposal Coordination Group and not summarized in any investigative studies. The spring 
monitoring indicated an increase in both nitrate concentration and radioactivity. This indication 
prompted the construction of asphalt-lined SEP 207-A in 1955 and the 207-B Series SEPs in 
1960. 

Upon completion of the 207-B Series SEPs in fall of 1960, six monitoring wells shown 
on Figure 11.1-2 as Nos. 0160, 0260, 0360, 0460, 0560, and 0660 were installed near these 
ponds and were routinely monitored for nitrates and radionuclides through the late 1980s. These 
wells were subsequently abandoned and selectively replaced as part of the RFP-wide Well 
Abandonment and Replacement Program (WARP). The monitoring program was performed as 
part of the routine operation of the SEPs, but the data were never specifically presented in a 
report. 

During 1960, drainage tiles were installed between SEP 207-A and the 207-B Series 
SEPs, and east of the 207-B Series SEPs. The purpose of the tiles was to intercept several seeps 

11.1-5 May 21, 1994 
022/722431/1 .WPP OU4 Draft Proposed IMlIRA Decision Document 



beneath the eastern berm of SEP 207-A identified during construction of the 207-B Series SEPs 
and to prevent seeps from forming east of the 207-B Series SEPs after their construction. 
Between the time of construction, 1960/1961 and 1970, the drainage tiles discharged water to 
ditches on the northern hillside. Discharged water was periodically collected and sampled for 
nitrates and radioactivity. During 1970, empty steel drums were partially buried at the discharge 
points to collect water, which was then pumped to SEP 207-A or SEP 207-B North. The buried 
drums were identified as Sumps 1 and 2 (EG&G, 1992b) and are shown on Figure 11.1-2. 

During the 1950s and early 1960s, the RFP Site Survey Group periodically monitored 
the area around the SEPs for radioactivity. Monitoring was performed routinely as well as in 
response to specific events. As with the activities of the Waste Disposal Coordination Group, 
the Site Survey Group reported their activities in monthly progress reports which were not 
summarized in a specific report on this topic. One of the specific events which involved the Site 
Survey Group was removal of soil from Pond 2-Auxiliary (Figure 11.1-2) in 1962 prior to the 
construction of Building 779. 

During 1966, three deep wells were constructed to monitor the sitewide ground water 
conditions. Two of the wells, Well 2-66 and Well 3-66, were located east of the SEPs in the 
OU4 area, as shown on Figure 11.1-2. The results of well analyses were presented in the 
monthly reports of the Waste Disposal Coordination Group; however, these results were not 
summarized in any published documents. 

As the use of the SEPs increased because of expanded production at the RFP, the 
landslide potential of the hillside north of the SEPs was questioned. An investigation was 
performed on the stability of the hillside, which included drilling 10 boreholes (Woodward-Clyde 
& Associates, 1970). Many of the boreholes were equipped with perforated casing to monitor 
water level fluctuations. The study concluded that the hillside was at high risk of failure, 
particularly with the probable addition of water from the SEPs themselves. It was recommended 
that a french drain system be installed to remove ground water. 

0 

In 1971, an additional well (Well 6-71, Figure 11.1-2) was installed on the hillside north 
of the SEPs. The well was installed as part of a program to expand the sitewide monitoring of 
ground water at the RFP. The program was motivated by such events as the 1969 fire, cleanup 
of the 903 Pad contamination, and removal of the leaking drums from the Mound area, as well 
as by a general increased awareness of the need for environmental protection. 

During October 1971, Trenches 1 and 2 were excavated northeast of SEP 207-B North 
and SEP 207-A, respectively. Initially, ground water collected in the partially buried drums 
located on the downhill ends of the trenches was manually pumped to the SEPs. By May 1972, 
automatic pumps were installed in the trenches. Shortly thereafter, Trench 3 was constructed. 
The locations of the trenches were selected based on visual observation of stressed vegetation. 
Observations were made by the plant personnel; a formal study was not performed for this 
remedial action. The water collected in the trenches was analyzed and returned to the SEPs. 
The analytical results were not reported. In the spring of 1973, the area experienced particularly 
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high precipitation and the trenches were allowed to overflow to prevent overfilling the SEPs 
which were nearly full. Trenches 4 and 5 were installed in April 1974, and Trench 6 was 
installed in July 1974. Figure 11.1-3 shows the locations of these trenches. 

During 1974, the presence of nitrates in the soil north and northeast of the SEPs was 
recognized from stressed vegetation and soil analyses. An evaluation of the total quantity of 
nitrates present in the soil was undertaken to identify a cost-effective method of nitrate removal. 
Conditions were investigated by drilling 56 soil borings (Dow Chemical, 1974a) in grid patterns 
in three areas north of the SEPs known to have high concentrations of nitrates. Soil samples 
were collected at 1-foot intervals from each borehole. The study concluded that approximately 
60 percent of the total quantities of nitrates was located within 5 feet of the ground surface. It 
was also stated that little, if any, nitrate contamination was entering North Walnut Creek, 
although the basis for this statement is not clear. 

Later that year, a presentation by the RFP Environmental Group summarized the results 
of the nitrate-in-soil study (Dow Chemical, 1974b). Data presented indicated that an elongated 
nitrate anomaly in soils was present that centered around the bifurcated drainage entering North 
Walnut Creek from the south. According to the study, the data collected during the early 1970s 
indicated that the presence of nitrates in the soil was a seasonal problem. Several alternative 
solutions were presented that included the following, although none was subsequently 
implemented: 

0 In situ aqueous leaching followed by treatment of the leachate, 
Soil removal (the excavated material could then be used as organic fertilizer), 0 

and 
0 In situ bioremediation. 

Several investigations unrelated to the SEPs were performed elsewhere on the Rocky 
Flats pediment in the early 1970s to delineate the shape of the bedrock surface beneath the 
alluvium, with particular emphasis on the channeling of ground water (Ackermann, 1974; de 
Oliveira, 1975). The bedrock paleotopographic surface was delineated using seismic refraction 
methods, and was shown to be highly irregular. An undulating bedrock paleotopographic 
surface is present beneath the existing SEPs. 

During the early 1970s, the Water Control and Recycle Study was performed. 
Recommendations of the study were later implemented as the Water Control and Recycle 
Program. The study addressed the major surface water features at the RFP, including the SEPS 
and North Walnut Creek. A portion of the project specifically addressed the ground water 
transport of nitrate from the SEPs area into North Walnut Creek (Engineering-Science, Inc., 
1975). The ES report stated that during operation, cracks developed in the lining of the SEPS, 
and nitrate wastes entered the ground water and migrated downslope. The nitrate-bearing 
ground waters discharged at the surface as seeps, and were indicated by dead or stimulated 
vegetation, depending on the nitrate concentration. Nitrate levels that typically were below the 
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drinking water standards most of the year were detected in the retention ponds constructed in 
the Walnut Creek drainage (A-series ponds). The ES report suggested that radionuclides were 
not present in the seep water due to the filtering action of the soil and the ion exchange capacity 
of clay minerals. 

As part of the Water Control and Recycle Study, 31 wells and boreholes were drilled by 
ES (Figure 11.1-2) and the new data were evaluated in conjunction with data collected during the 
previous two and a half years from the existing wells, trenches, and sumps in the area. Some 
of these wells currently exist at OU4. Based on the nitrate concentrations detected in the ground 
water samples, a nitrate plume was identified north of the SEPs extending toward North Walnut 
Creek. The results of the ground water study and the soil study performed the previous year 
suggested that the majority of the nitrates were held in the more permeable soil lenses. It was 
further suggested that the nitrates would continue to be leached from the soil and transported 
with ground water toward North Walnut Creek. 

A number of abatement measures were undertaken at the SEPs in the mid-1970s as part 
of the implementation of the Water Control and Recycle Program. Water and waste streams at 
the RFP were identified, and a master plan was developed to transfer liquids between the various 
retention ponds in the creek drainage basins at RFP and the SEPs. A new reverse-osmosis 
treatment plant constructed in Building 910 was placed in service in 1979 for removal of 
dissolved solids from post-treatment sanitary effluent. As part of the Water Control and Recycle 
Program, sanitary wastewater effluent was pumped from Building 995 (Sanitary Treatment Plant) 
to SEP 207-B South for flow equalization prior to treatment in Building 910. For various 
reasons, treatment efficiency of the system did not meet design criteria and the facility was 
effectively removed from service in 1984. The facility has been used intermittently to support 
SEP water treatment during closure. Two open beds adjacent to Building 910 originally were 
used to store brine from the reverse osmosis process. After discontinuation of that process, the 
beds were used for drying sludge from the Sanitary Treatment Plant. 

0 

As part of implementing the Water Control and Recycle Program, the 207-B Series SEPs 
were cleaned and prepared for water storage for the proposed reverse-osmosis plant in early 
1975. This preparation involved moving liquid and sludge from the 207-B Series SEPs into SEP 
207-A, installing a flexible membrane liner in SEP 207-B South, and rinsing the bottoms of the 
SEPs with water. During the course of the work, low-level alpha contamination was detected 
around the perimeters of the SEPs. Soil contamination was also detected on the downwind side 
of SEP 207-A. Contaminated soil from around the SEPs and in the area of the proposed 
Building 910 was removed over the next several years. In the summer of 1976, the effectiveness 
of the cleanup of the 207-B Series SEPs was evaluated; contamination was found on and under 
the liner and in nearby soil. 

Later that year, a program of sampling and direct counting was initiated which consisted 
of coring the liner and augering into the deeper soil beneath some of the SEPs (predominantly 
SEP 207-B North). Based on these data, a map of activity levels in the vicinity of the SEPs was 
prepared. The following spring, soil removal at the SEPs was initiated on a larger scale. 
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Throughout the soil removal activities, the air was monitored for increased radioactivity due to 
ground disturbance. Although a dust control program involving the applications of water or 
Coherex@ .(a petroleum-based dust suppressant) was implemented, operations were frequently 
halted because of potential health effects of excessive long-lived alpha concentrations in the air. 
Concurrently, contaminated soil was removed in the Triangle Area (IHSS 165) of OU6 east of 
OU4. Both programs removed sufficient soil so that radioactivity was no longer above the level 
of concern (250 counts per minute as measured using a Field Instrument for the Detection of 
Low-Energy Radiation [FIDLER]) . The soil removal activities resulted in significant alteration 
of the surface topography. 

From July 1975 to December 1975, a sitewide program was conducted to evaluate the 
non-nuclear remote sensing studies performed at the RFP (Lackey and others, 1976). Several 
methods were employed to investigate the existence of possible faults or a shear zone near the 
site. It was 
concluded that most of the leakage from the SEPs probably surfaced at seeps on the sloping sides 
of the North Walnut Creek valley at the interface between the Rocky Flats Alluvium and the 
Arapahoe Formation. Additional hydrological and geological studies were recommended. 

As part of the program, the locations of seeps .were identified at the RFP. 

The design of the Perimeter Security Zone (PSZ - the triple-fenced zone surrounding the 
Protected Area [PA]) required drilling more than 100 boreholes to determine subsurface 
conditions. Fourteen of the boreholes were drilled in the area of the SEPs in late 1978. An 
additional investigation was performed in 1979 to evaluate an alignment change on the hillside 
north of the SEPs (CTL/Thompson, 1979). Previous investigators had identified the area as 
having a high potential for landslide movement (Woodward-Clyde & Associates, 1970). The 
CTL/Thompson report (1979) included a description of the subsurface soil and ground water 
conditions encountered in five of the boreholes in the area of greatest landslide potential. The 
field investigation found that the clay and claystone bedrock underlying the alluvium contained 
shear zones, indicating prior disturbance. The investigation also confirmed previous conclusions 
regarding landslide potential. The report concluded that most of the bedrock within the depths 
investigated was disturbed from past ground movements, the hillside was underlain by both 
ancient and recent landslides, and the planned construction of deep fills on the hillside for the 
PSZ would contribute to instability by loading the unstable, disturbed natural materials. 

* 

The CTL/Thompson report (1979) evaluated three stabilization options. The first, which 
was considered the most complex and costly, involved excavation of the disturbed soils and 
replacement with an engineered buttress fill. The second option was to dewater the hillside. 
The third option, which was the most strongly recommended, was to flatten the fill slopes or 
construct stabilizing berms downhill of the planned construction. The effectiveness of the 
dewatering option was considered somewhat uncertain because of limitations on the practical 
depth of dewatering and the presence of non-uniform water table conditions. The 
CTL/Thompson report (1979) concluded that ground water was flowing in distinct channels on 
the hillside as evidenced by the many distinct seepage areas at the ground surface and the 
variable depth to water in the boreholes. The conceptual design of a subsurface drainage system 
for the dewatering option involved 4-inch-diameter perforated pipe placed in trenches backfilled 
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with clean coarse-grained sand. The trenches were to be on 100-foot centers and approximately 
5 feet deep, graded to drain by gravity to a central collection sump. It is not known which, if 
any, of these options was implemented. 

e 
In 1981, it became necessary to remove excess ground water from the area where the 

fences and patrol roads associated with the PA were to be constructed. The installation of the 
fences and the patrol roads necessitated destruction of several of the ground water or seep 
collection trenches on the hillside north of the SEPs. The ITS was constructed in April 1981 
(shown on Figure 11.1-3), and the six trenches and two sumps were taken out of service. The 
hillside was significantly altered during the PA construction activities, with up to 25 feet of fill 
placed beneath the PSZ. Large quantities of fill materials also were placed in the area of the 
SEPs and are presumed to have different geotechnical properties than the previously 
characterized native soils. 

To meet federal environmental regulations, an Environmental Impact Statement (EIS) for 
the RFP was compiled in 1980. In that EIS, a synopsis of the environmental impact of the SEPs 
was presented based on the information known to date. Most of the information was extracted 
from previously existing documents, which are discussed in this document. 

By early 1982, nitrate-contaminated surface water originating from seepage on the hillside 
below the SEPs was again a concern. Surface water discharged from the seeps was directed by 
culverts down the hill into North Walnut Creek, bypassing the ITS ground water collection 
system. The culverts were originally designed to transport precipitation runoff down the north 
hillside. To remediate this problem, the ITS was retrofitted with a surface water interceptor 
gallery adjacent to the Patrol Road inside the PA, as shown on Figure 11.1-3. 

0 
In the early 1980s, a program was initiated to remove and manage the sludge that had 

accumulated in the SEPs. The Sludge Removal Project required construction of Building 788, 
located between SEP 207-A and SEP 207-C, and associated structures for creating "pondcrete" 
(a mixture of SEP sludge and Portland cement) from the sludge. Two boreholes were drilled 
to characterize the foundation conditions in the vicinity of Building 788 (Foundation Engineering 
Company, 1984). Based on logs from these boreholes and on a 1962 report on the foundation 
investigation for Building 779, it was concluded that the interpretations of subsurface conditions 
were inconsistent. It was stated in the report that at the time, "local regulations would not 
permit recovery of soil samples for laboratory analysis, 'I so the subsurface characterization was 
based on visually identified properties. Design recommendations included the requirement that 
utility line trenches in close proximity or leading into the building should be backfilled with 
impervious materials similar to the in situ soils to prevent impounding of water below the 
structures. The construction of Building 788 altered the geotechnical properties of the 
subsurface in the immediate area. 

A 1985 investigation produced the first comprehensive evaluation of the RFP 
hydrogeologic data collected to date (Hydro-Search, Inc., 1985). Both existing data and newly 
collected data were used in the characterization. Existing data included geologic logs from 
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numerous boreholes, water level records, a long history of water quality sampling and analysis, 
and a review of published and unpublished reports. New data collected for the study included 
geophysical logs, single-hole drawdown recovery tests, and a location survey of the wells. The 
report provided sitewide characterization information such as geochemistry data for surface 
water, alluvial ground water, and bedrock ground water. The report also provided a summary 
of many historical reports. Some of the geophysical and hydrological testing activities were 
performed in wells in the SEP area. The report concluded that there were deficiencies and data 
gaps in the understanding of the overall site hydrogeology. However, the SEPs were identified 
as one of eight possible sources of high total dissolved solids leaving the site. Shortly after 
submittal of the characterization report, an electromagnetic (EM) survey was performed at the 
periphery of the PSZ and in downgradient drainages in the buffer zone (Hydro-Search, Inc. 
1986). The EM survey was performed to direct future site characterization efforts. The hillside 
soils north of the SEPs were found to be highly conductive, suggesting the presence of 
contaminated ground water. A recommendation of the report was to install new monitoring 
wells around the SEPs. 

0 

In 1986, a RCRA Part B operating permit application was submitted to CDH by RFP 
when the State determined that RCRA regulations were applicable to the RFP. The RFP 
reported that the SEPs were an interim status unit scheduled to be closed. The SEPs were 
identified as a Solid Waste Management Unit (SWMU) (later to become an IHSS). A section 
pertaining to ground water protection was included in the RCRA Part B submittal in response 
to the 1986 Compliance Agreement between the RFP and the agencies. Abundant information 
regarding the ground water monitoring program and subsurface characterization was presented 
pertaining both to the entire site and specifically to the SEPs. The program included installation 
of 17 RCRA wells in the SEP area in 1986 (shown on Figure 11.1-2 as wells identified with an 
86 suffix), greatly expanding the ability to monitor subsurface conditions related to the SEPs. 
Hydrogeologic tests were run in some of these wells. A draft RCRA Interim Status Closure 
Plan (Rockwell International, 1986) was submitted specifically for the SEPs which summarized 
testing results and outlined the method for removing the SEPs from service and properly 
disposing of the potentially contaminated materials. 

a 

Eighteen boreholes were drilled in 1987 in the SEP area to acquire additional soil 
chemistry data specific to the SEPs. (The locations of these boreholes are shown in Section 2 
on Figure 11.2-18). This information was sought in response to comments on the draft RCRA 
Interim Status Closure Plan submitted in 1986 that were directed in part to the collection of 
additional characterization data. Two of those boreholes were completed as wells for more 
ground water monitoring capability. Subsurface conditions were evaluated based on 1987 data 
as well as on the additional data collected since submittal of the 1986 report. Boreholes not 
completed as wells were backfilled and no monuments were left indicating their exact location. 

A Final Closure Plan was submitted in 1988 which presented a detailed plan for future 
characterization efforts. This closure plan addressed other SWMUs (IHSSs) in the area that are 
no longer part of OU4. Thirty-seven monitoring wells (shown in Section 2 on Figure 11.2-18) 
were installed in 1989 to fulfill the commitments made in the 1988 Final Closure Plan. The 
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monitoring plan was expanded to meet RCRA ground water monitoring requirements such as 
quarterly monitoring and an expanded analyte list. Since 1988, Annual RCRA Ground Water 
Monitoring Reports for Regulated Units have been submitted, which include monitoring data 
collected during the previous year and an evaluation of ground water conditions. 

e 
Thirty-seven additional wells were drilled (see Section 2, Figure 11.2-18) in 1989 in 

locations identified as data gaps in the 1988 characterization. When drilled, lithologies in some 
of the 1989 boreholes did not agree with conditions anticipated based on 1988 data, prompting 
a close review of all of the data. Some of the archived cores were pulled and found to be 
incorrectly described in the lithologic logs. As a result, a program was initiated to re-log the 
core from the 1986, 1987, and 1989 drilling efforts, using strict quality control procedures. 
After a percentage of the cores was re-logged the following year, most of the original logs and 
the "new" logs of the same boreholes were found to be similar. It was concluded that the cores 
re-logged after the 1989 program and found to be inconsistent with the logs previously generated 
were isolated occurrences, The re-logging program resulted in greater consistency in logging 
procedures for future programs. 

During 1990, in response to the Agreement in Principle between the regulatory agencies 
and the U.S. Department of Energy (DOE), a study was begun addressing zero offsite water 
discharge. The ITS was evaluated as part of the study (ASI, 1991). The study assessed possible 
management alternatives for water collected by the ITS. The investigation included a review 
of analytical data of water to be managed and a computation of the quantity of water collected. 
The quantitative study assessed discrete portions of the system in addition to the overall system. 
Each surface water monitoring site in the SEP area was assessed for both water quality and 
quantity, and an evaluation was made regarding variations in the sources of the contaminants 
identified. Similarly, data from each ground water monitoring well were assessed based on the 
specific geologic unit sampled and the variations in contaminants. The study recommended four 
management alternatives for the water collected by the ITS, including treatment by mechanical 
evaporation, treatment through the sewage treatment plant, separate treatment based on isolating 
discrete portions of the collected flow, and a combination of treatment through reverse osmosis 
and mechanical evaporation. Implementation of this study was preempted by the signing of the 
IAG in 1991. All of the ITS water is currently being collected in holding tanks and processed 
in a revamped Building 910 treatment process. 

0 

During 1992, there was a brief investigation addressing whether or not the 207-B Series 
SEPs were leaking into the uppermost aquifer (EG&G, 1992e). This was accomplished by 
sampling wells in the vicinity of the SEPs for a dye that was placed in the SEPs. The sampled 
wells were completed in either the alluvium or the silty claystones of the Arapahoe Formation. 
Based on this study, it was determined that no leakage was occurring from the 207-B Series 
SEPs. 

The information presented in some of these preceding studies indicates that interpretations 
of subsurface conditions at the SEPs vary and are possibly dependent upon the study techniques 
used. For example, conclusions from a soil study performed during 1974 indicated that nitrate 
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concentrations were greatest in the upper 5 feet of soil. Conversely, a study conducted during 
1987 concluded that soil samples contained the highest nitrate concentrations just above the 
bedrock. The interpreted subsurface conditions are influenced by the study techniques used, the 
condition of the SEPs, the subsurface utilities, the ITS, and other engineered alterations. 

@ 
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II.2 OU4 FIELD INVESTIGATION 

This section describes the activities conducted during the Phase I RFI/RI to accomplish 
the objectives described in Section 11.1, Introduction. Deviations from the Work Plan, 
associated Technical Memoranda, and Standard Operating Procedures (SOPS) are noted, as 
appropriate. Table 11.2-1 provides an overall summary of work completed during the 
investigation. 

The liquids and sludges in the SEPs are currently being removed and stored. SEP 207-A 
was cleaned out during spring 1992. SEPs 207-B North and 207-B Center were cleaned out 
during summer 1993. Both SEPs 207-B South and 207-C are scheduled to be cleaned out during 
spring 1994. 

II.2.1 Site Investigation Objectives and Overview 

The following is a brief description of the objectives of the OU4 Phase I RFIIRI, as 
described in Section 7.0, Field Sampling Plan, of the OU4 Phase I RFI/RI Work Plan: 

Characterize Original Ponds and existing ponds: 

Characterize the types and distribution of contaminants and other unique features 
of the original pond. 

Evaluate the relative significance of SEP liner materials as potential sources of 
contamination, and the effectiveness of liners as barriers to contaminant 
migration. 

b Characterize surficial soils potentially contaminated by aerosol dispersion in the 
vicinity of the SEPs. 

. Characterize the types and distribution of potential contaminants, variations in 
contaminants, hydrologic features, and other unique characteristics of vadose zone 
contamination in the SEPs area. 

* Locate and identify subsurface features such as piping, tanks, and structures in 
the vicinity of the SEPs. 

Identify subsurface geologic features, such as subcropping sandstones and 
fractured bedrock, that may contribute to contaminant migration in the SEPs area. 
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Characterize the ITS: 

e Evaluate the construction of the ITS to assess its effectiveness in intercepting SEP 
contaminants in ground water. 

e Characterize the location, types of contaminants, and variability in contaminant 
concentration in unconsolidated materials in the vicinity of the ITS. 

Provide a Baseline Risk Assessment 

e The Baseline Risk Assessment will be completed during Phase 11. 

The data generated during the Phase I RFI/RI were used to evaluate the nature, extent, 
transport mechanisms, and fate of site contaminants, and were incorporated into the development 
and screening of remedial alternatives. Additionally, the data will be used to develop the design 
of the Phase I1 RFI/RI Work Plan. 

Field and laboratory activities were completed in accordance with the Phase I RFI/RI 
Work Plan, as modified by Technical Memorandum No.1, (TM1) Vadose Zone Investigation, 
and Technical Memorandum N0.2, (TM2) Modijications to Field Activities. The following 
sections summarize specific activities completed to meet the objectives outlined above. The 
evaluation of the ITS is incorporated into Phase I1 Work Plan. 

II.2.1.1 Original and Existing Ponds Investigation Overview 0 
The following is provided as an overview of the SEPs investigation. 

11.2.1.1.1 Original Ponds 

The investigation of the Original Ponds area was designed to characterize the types and 
distribution of contaminants in surface and subsurface soils, to evaluate the physical features and 
dimensions of the Original Ponds, and to identify the presence of pond construction materials 
(clay liner, piping, and other equipment) that may have been abandoned in place. The following 
tasks were completed during this investigation: 

e Historical aerial photographs, engineering drawings, and associated documentation 
were reviewed to define the boundaries of the Original Ponds. 

e A GPR survey in the vicinity of the Original Ponds area was completed to 
identify boundaries of the Ponds and abandoned equipment and construction 
materials. This survey was reduced in scope from that described in the Phase I 
Work Plan based upon historical data review. The locations of the GPR survey 
lines are shown in Figures 11.2-1 and 11.2-2. 
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e Subsequent to the historical data review and GPR surveys, six boreholes were 
drilled in or adjacent to the Original Ponds area: three boreholes were completed 
within the approximate boundaries of the original SEPs, and three boreholes were 
drilled outside those boundaries. Subsurface soil samples were collected at each 
of the locations. Figure 11.2-3 shows the locations of all boreholes drilled during 
the Phase I RFI/RI, and the approximate locations of the original SEPs. Figure 
11.3.1-15 in Section 11.3, Results of the Phase I RFI/RI, shows the six boreholes 
drilled to investigate the Original Ponds area. 

e Surficial soil samples were collected at each of the borehole locations prior to 
drilling as part of the surficid soil sampling program. 

e Surficial and subsurface soil samples were collected and analyzed for suspected 
contaminants. The analytical requirements and methods are described in Section 
11.2.3.1, Original Ponds Investigation, and Section 11.2.4, Surficial Soils 
Investigation. 

Section 11.2.3.1, Original Ponds Investigation, provides a detailed description of the 
The results of the Original Ponds investigation are presented and activities undertaken. 

discussed in Section 11.3.1.1, Original Ponds. 

II.2.1.1.2 Existing Ponds (MSS 101) 

The objectives of the investigation of IHSS 101 included evaluating the presence of 
buried utilities and debris beneath the SEPs and evaluating whether contamination is present in 
subsurface, unconsolidated geologic materials. The following activities were completed as part 
of the investigation of IHSS 101. 

e Visual inspections were made of SEPs 207-A, 207-B Center, and 207-B North to 
evaluate the integrity of the liners and to determine the accessibility and optimum 
location for the proposed boreholes. 

e A GPR survey was completed to assess the presence of buried utilities and debris 
beneath a portion of SEP 207-A and to aid in the identification of breaches of the 
liner beneath the top asphalt coat. The locations of the GPR survey lines are 
shown in Figure 11.2-4. 

. An OU4-wide bedgamma radiation survey was conducted that included the areas 
in the immediate vicinity of IHSS 101. BeWgamma and alpha surveys were 
conducted within SEPs 207-A, 207-B Center, and 207-B North. Figures 11.2-5 
through 11.2-8 show the locations where radiological measurements were made. 
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A seismic refraction survey was completed to evaluate bedrock topography and 
the presence of paleochannels and/or buried channels in the vicinity of IHSS 101. 
Figure 11.2-9 shows the locations of the seismic refraction lines. 

Twelve boreholes were completed and subsurface soil samples were obtained 
from within SEPs 207-A, 207-B Center, and 207-B North for characterization 
purposes. Sixteen boreholes were completed between the ponds and around the 
perimeter of IHSS 101. 

Twelve samples of the asphaltic liner and sub-base material were collected from 
SEPs 207-A, 207-B Center, and 207-B North at the borehole locations within the 
SEPs. These locations are shown in Figure 11.2-10. 

One deep borehole (No. 42193) within SEP 207-A was drilled into bedrock, 
sampled, and geophysically logged primarily for geologic characterization 
purposes. Subsurface samples were also collected and analyzed for geochemical 
characterization purposes, the results of which are discussed in Section 11.3, 
Results of the Phase I RFI/RI. 

Fifteen lysimeters were installed in the vicinity of IHSS 101 and throughout OU4 
for vadose zone characterization purposes. The locations of the lysimeters are 
shown in Figure 11.2-1 1. Sixteen neutron probe access tubes were also installed 
for soil moisture measurements. The locations of the access tubes also are shown 
in Figure 11.2-1 1. 

Soil, bedrock, asphalt, and pore water samples were collected and analyzed for 
suspected contaminants. Section 11.2.3.2, Existing SEPs (IHSS 101) 
Investigation, describes the analytical requirements and methods for the respective 
media. 

Section 11.2.3.2, Existing Ponds (IHSS 101) Investigation, describes in more detail the 
specific activities completed. The results of the existing SEPs investigation are presented and 
discussed in Section 11.3.1.2, Existing Solar Evaporation Ponds. 

11.2.1.2 Surfkial Soils Investigation Overview 

The objective of the surficial soils investigation was to evaluate whether contaminants are 
present in the upper 2 inches of the surficial soils. Contaminants present in these soils are 
assumed to have been deposited by aerosol dispersion and deposition. This objective was 
accomplished by completion of the following tasks. 
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0 An OU4-wide gamma radiation survey consisting of 311 data points was 
completed to evaluate the presence of radionuclides resulting from aerosol 
dispersion. The gamma radiation survey locations are shown in Figure 11.2-5. 

0 Twenty-six random and 10 discrete surficial soil samples were collected to assess 
the presence of suspected contaminants; the locations of these samples are shown 
in Figure 11.2-12. The analytical requirements and methods for analyzing these 
samples are described in Section 11.2.4.2, Surficial Soil Sampling and Chemical 
Analysis. 

. Surficial soil samples were obtained from 48 borehole locations (shown in Figure 
11.2-12) and analyzed for the parameters listed in Section 11.2.4.2, Surficial Soil 
Sampling and Chemical Analysis to augment the results from the random and 
discrete soil samples. 

The results of the surficial soils investigation are presented and discussed in Section 
11.3.2, Surficial Soil Investigation Results. An evaluation of the nature and extent of potential 
surficial soil contamination is presented in Section 11.4.0, Nature and Extent of Contamination. 

II.2.1.3 Vadose Zone Investigation Overview 

The design and rationale for the vadose zone investigation was described in TM1. The 
objectives of this investigation included: 

0 Characterizing potential contamination within the vadose zone. Evaluating the 
physical and hydrologic characteristics of the vadose zone that may contribute to 
contaminant migration, and acquiring an adequate understanding of the site to 
predict how the vadose zone will respond to changes in the hydrologic system; 

0 Evaluating the applicability of different vadose zone monitoring techniques; and, 

Developing a vadose zone data base to support future risk assessments, to support 
analysis of remedial alternatives, and to assist in the development of post-closure 
monitoring approaches. 

The following activities were completed during this investigation. 

0 Approximately 200 subsurface soil samples from the vadose zone were collected 
for chemical analyses. 
shown in Figure 11.2-3. 

The samples were collected from borehole locations 
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0 Twenty-five soil samples were collected for analysis of physical and hydrologic 
properties at the locations shown in Figure 11.2-13. The analytical requirements 
and methods are described in Section 11.2.5.2, Physical Properties of the Vadose 
Zone. 

Borehole permeability measurements were made using the Bengt- Ame- 
Torstensson (BAT”) system at the locations shown in Figure 11.2-14. 

* Shallow soil permeability was measured at 19 locations using a Guelph 
permeameter. 
Figure 11.2-15. 

The locations of the Guelph permeameter tests are shown in 

0 Pore water samples were collected from lysimeters and chemically analyzed as 
described in Section 11.2.5.4, Chemical Properties of the Vadose Zone. The 
locations of the lysimeters are shown in Figure 11.2-11. 

Relative moisture content in the vadose zone was measured using a neutron probe 
at the locations shown in Figure 11.2-1 1. 

0 Data loggers and pressure transducers were installed in five wells to measure the 
response of the water table to precipitation events and to evaluate responses 
attributable to secondary porosities. Water level measurements were collected at 
an additional 50 wells on a routine basis. The locations where water level 
measurements were taken are shown in Figure 11.2-16. 

0 Soil gas samples were collected at the 28 locations shown in Figure II.2-17 for 
the measurement of specific volatile organic compounds in the subsurface. 

Section 11.2.5, Vadose Zone Investigation, provides a detailed description of the methods 
used to complete the investigation. The results of the vadose zone investigation are presented 
and discussed in Section 11.3.3, Vadose Zone Investigation Results. The nature and extent of 
vadose zone contamination are described in Section 11.4.4, Vadose Zone. 

11.2.1.4 Geologic Investigation Overview 

The Phase I RFI/RI geologic investigation consisted of evaluating and incorporating all 
new and existing lithologic and geophysical data to refine the understanding of the subsurface 
geology beneath OU4. The purpose of this investigation was to identify geologic features, such 
as subcropping sandstones, paleochannels, and fractured bedrock, that may act as preferential 
contaminant migration pathways. Channels or drainages that were backfilled with artificial 
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fill during construction of the ITS and the PSZ also were investigated. The investigation was 
completed by integrating surface and subsurface geophysical measurements with historical and 
Phase I RFI/RI geologic data. Figure 11.2-18 shows the locations of boreholes and monitoring 
wells in the OU4 area that were used to evaluate OU4 geology. 

@ 

II.2.1.5 Interceptor Trench System Investigation Overview 

The ITS was investigated to evaluate its effectiveness in capturing shallow ground water. 
The effectiveness would be determined by evaluating the extent to which the ITS is keyed into 
bedrock and by evaluating the ground water head differential across the ITS. The investigation 
was accomplished by: 

0 Reviewing historical records of flow measurements and water chemistry; 

Reviewing engineering drawings, associated documentation, and analyzing the 
ITS construction with respect to unweathered bedrock; 

0 Estimating ITS water balance; and 

Installing piezometer banks during the Phase I RFI/RI at the locations shown in 
Figure 11.2-19, and measuring water levels. 

The results of the ITS investigation are presented in the OU4 Phase I1 RFI/RI Work Plan. 

11.2.2 Summary of Procedural Guidance and Standards Documents 

This section describes the applicable procedural guidance and documents that were used 
and/or developed for the Phase I RFI/RI. 

11.2.2.1 OU4 Phase I RFI/RI Work Plan 

The work plan contains information concerning data needs and data quality objectives 
(DQOs), Phase I RFI/RI tasks, schedule, Field Sampling Plan (FSP), Human Health Risk 
Assessment (HHRA), Environmental Evaluation (EE), a Quality Assurance Addendum (QAA), 
SOPS, and addenda. The following is a summary of the components of the work plan: 
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Section 1 provides general introductory and overview information pertaining to 
the RFI/RI; 
Section 2 provides a review of historical information, previous investigations, and 
site physical characteristics, and a conceptual model of the nature, extent, and 
migration of site contaminants; 
Section 3 presents potential sitewide Applicable or Relevant and Appropriate 
Requirements (ARARs), as required by the IAG, and a discussion of their 
application to the RFI/RI activities at OU4; 
Section 4 discusses DQOs and work plan rationale for the Phase I RFIIRI; 
Section 5 specifies the tasks to be completed during the Phase I RFI/RI; 
Section 6 presents the proposed schedule for Phase I RFI/RI activities; 
Section 7 is the FSP; 
Section 8 discusses the Baseline Human Health Risk Assessment Plan (BRA); 
Section 9 discusses the EE; 
Section 10 discusses the site-specific QAA; and 
Section 11 presents the SOPs and Document Change Notices (DCNs) for 
conducting the work. 

@ No deviations from the work plan, as amended by TM2 described below, were noted during 
implementation of the field program. 

11.2.2.2 Technical Memorandum No. 1 - Vadose Zone Investigation 

Prior to granting unconditional approval of the work plan, the CDH and EPA required 
the preparation of a technical memorandum addressing vadose zone characterization activities 
at OU4. TM1 to the Final OU4 Phase I RFI/RI Work Plan, Vadose Zone Investigation, 
presented the proposed vadose zone program and techniques to be implemented at OU4. In 
addition, TM1 presented SOPs for vadose zone monitoring activities. The TM was structured 
such that specific activities were identified as "work elements. 'I The activities completed during 
the Phase I RFI/RI, as required by TM1, are described in Section 11.2.1.3, Vadose Zone 
Investigation Overview. 

The following paragraphs briefly describe deficiencies in the work elements identified in 
TM1: 
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Work Element No. 2 - Establish a three-dimensional geologic representation of subsurface: 
All data were integrated into a geographic information system (GIS) that was used to 
store and manipulate data; however, the spatial representation of data was determined to 
be most clearly shown in planimetric maps and cross-sections. 

0 

Work Element No.3 - Identify potential vadose zone pathways: 
This is largely completed; however, the spatial distribution of macropore flow zones 
versus intergranular flow zones was not determined. 

Work Element No.5 - Implement boring plan: 
All boreholes except for those planned for the double-ring infiltrometer tests were 
completed. The double-ring infiltrometer tests were deleted from the program because 
of the accelerated project schedule, and the because data were determined to be available 
from tests being conducted elsewhere at the RFP. 

Work Element No.6 - Characterization of chemical and physical properties of soils: 
This task was completed except for the quick-response, portable tensiometer 
measurements of soil cores. The tensiometer measurements were not made because the 
instrument was mistakenly thought to be inoperable; however, subsequent laboratory 
measurements of moisture content of a number of soil samples and calculations of matric 
potentials provided similar data. 

Work Element No. 8 - Infiltration, hydraulic conductivity, and storage: 
The two double-ring infiltrometer tests planned in TM1 were not completed due to the 
accelerated project schedule. The data were determined to be available from tests being 
conducted elsewhere at the RFP. Neutron probe measurements were made in the 16 
vadose zone monitoring locations; however, the probe was not calibrated against site- 
specific soils, and the data were not used to quantitatively measure in situ moisture 
content. The data were used successfully for qualitative interpretations of in situ 
moisture content variations. 

Work Element No.10 - Conduct water balance: 
Vadose zone volumetric water calculations were not made because the neutron probe was 
not calculated to site-specific soil moisture conditions. 
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Work Element No. 11 - Pore liquid chemistry: 
One lysimeter was not installed due to a shallower-than-expected bedrock surface at 
borehole location 42693 north of SEP 207-A. This lysimeter was not relocated. The 
list of chemical parameters to be analyzed was revised and prioritized due to the limited 
quantity of pore water available during sampling. 

Work Element No. 13 - Estimate contaminant partitioning: 
The statement ' I . .  .evaluate potential remedial alternatives.. . " found at the bottom of 
paragraph 2, page 2-24 of TM1 is addressed in Part I11 of the IM/IRA DD. Nitrate and 
major cations/anions were analyzed during the column leaching tests; metals and 
radionuclides were not analyzed due to the limited volumes of leachate obtained. 
Contaminant partitioning was not estimated because the necessary constituents were not 
analyzed. 

Work Element No. 14 - Characterization of vadose zone pathways: 
This work element was completed qualitatively to the extent possible with the available 
data. The data obtained were insufficient or inappropriate to establish the relationships 
proposed in TM1, such as transport pathway type for each geologic unit, vadose zone 
flux, pathway locations and orientations, the interrelationships between the different 
pathways, and a three-dimensional representation of the vadose zone flow system. 

11.2.2.3 Technical Memorandum No. 2 - Modification to Field Activities 

TM2 to the Final Phase I RFI/RI Work Plan, Modijkations to Field Activities, was 
completed during May 1993. The purpose of TM2 was to document changes required for 
implementation of the work plan. The basis for modifying the work plan through TM2 included 
the technical reassessment of field investigation methods or technologies described in the work 
plan, clarification of vague or confusing language in the work plan, establishment of undefined 
procedures, inaccessibility of several of the SEPs due to the presence of liquids and/or sludges, 
and an increased level of understanding of the hydrogeologic and geochemical environment of 
OU4 during the period between completion of the work plan and implementation of field 
activities. Changes to the work plan identified in TM2 pertained specifically to Section 7.0, 
Field Sampling Plan. The changes or revisions addressed in TM2 included: 
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e Modification to the surface soil radiological surveys to include only bedgamma 
radiation surveys; 

e Modifications to the visual surveys of the SEPs; 

0 Modification of the geophysical surveys and rationale for the modifications based 
on pilot study results; 

0 Modification of the surficial soil sampling procedures and rationale for placement 
of the random and discrete samples; 

. Placement of interim boreholes adjacent to SEP 207-C and the 207-B series SEPs 
until the SEPs are drained and boreholes can be drilled inside them; 

e Deletion, postponement, or modification of selected boreholes; 

. Relocation of piezometer banks and installation of piezometers in boreholes; and 

e Modification of the subsurface sampling program beneath SEP 207-A. 

TM2 was closely followed and only a few deviations from the proposed work were noted. 
The deviations included: 

0 
b Relocating surficial soil sample No. 400393 from approximately the midpoint of 

the western berm of SEP 207-A just south of Building 788 to the northwestern 
comer of SEP 207-A; 

e Not collecting surficial soil samples from two of the boreholes drilled for the 
vadose zone investigation: borehole 45893 located in piezometer bank PZ04 on 
the hillside north of SEP 207-C, and borehole 46293 located in piezometer bank 
PZOl on the hillside north of SEP 207-B North. Surficial soil samples were 
collected from nearby locations and data from these two locations were thought 
to be redundant; and 

b Collecting surficial soil samples from two planned borehole locations which were 
deleted from the program. (A surficial soil sample was collected at borehole 
location 41893, which was deleted from the program because it was situated in 
OU6. A surficial soil sample was collected at borehole location 42693, which 
was located on the hillside north of SEP 207-A. This borehole was deleted from 
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the program because bedrock directly underlies the surficial soils, which rendered 
that location inappropriate for obtaining vadose zone data from unconsolidated 
geologic materials.) 

11.2.2.4 Document Change Notices to Standard Operating Procedures 

DCNs also were submitted, as required by EG&G, to modify RFP SOPs that govern field 
measurements and activities. The applicable DCNs submitted during Phase I are listed below 
and copies are included in Appendix I1.C. 

DCNs to SOPs for Phase I RFI/RI Implementation 

DCN No. 1 Date I Document I Title 

93.04 31 17/93 

93.01 21 17/93 

93.09 511 1/93 

93.03 51 1 1/93 

SOP 5-21000- 
0PS.FO. 14 (Rev.2) 

SOP 5-21000- 
OPS . FO. 06 (Rev. 2) 

SOP 5-2100- 
OPS.GT.06 (Rev.2) 

SOP 5-21000- 
0PS.FO. 10 (Rev.2) 

Field Data Management 

Handling of Personal Protective 
Equipment 

Monitoring Wells and Piezometer 
Installation 

Receiving, Labeling, or Handling 
Environmental Material 
Containers 

11.2.3 Original Ponds and Existing Ponds Investigation 

The following sections describe the various components of the Original Ponds and exist- 
ing ponds investigations. The original earthen ponds are former SEPs constructed during the 
early 1950s in and south of the area of current SEP 207-C. The existing SEPs are the five sur- 
face impoundments that currently exist in OU4 and comprise IHSS 101. These current impound- 
ments are designated SEPs 207-A, 207-B North, 207-B Center, 4 207-B South, and 207-C. 

e 022172243712 .WPF 
11.2-34 

Part I1 Draft Proposed IWIRA Decision Document 
May 27, 1994 



11.2.3.1 Original Ponds Investigation e 
The primary objectives of the Original Ponds investigation included locating the 

boundaries of the ponds and locating any piping or other debris remaining in place after the 
ponds were removed. These objectives were met by reviewing historical aerial photographs and 
engineering drawings, and implementing GPR surveys, which are described below. Additional 
objectives of the investigation included characterizing the chemistry of the near-surface and 
subsurface soils, identifying the presence of former clay liner material, providing information 
on the depth to ground water, and better defining the underlying bedrock surface and zones of 
weathering. These activities also are described in the following subsections. 

II.2.3.1.1 Historical Aerial Photograph Review 

A number of aerial photographs were reviewed to determine the locations of the Original 
Ponds and to evaluate optimum locations for the Phase I RFI/RI boreholes. A listing of the 
photographs reviewed is presented in Table 11.2-2. 

11.2.3.1.2 Engineering Drawings Review 

Engineering drawings were reviewed to determine the locations of the Original Ponds and 
any utilities or process waste lines present in the area. One purpose for this was review to 
optimize geophysical survey locations for a more accurate determination of whether GPR surveys 
are capable of locating utility corridors. Table 11.2-3 lists the engineering drawings that were 
reviewed. 

11.2.3.1.3 Ground Penetrating Radar 

A GPR survey of the Original Ponds area was completed during April 1993. Seven lines 
totaling 1,200 linear feet were recorded using a Geophysical Survey Systems, Inc. Model SIR 
System-6 GPR with a 300-megahertz antenna. The data were recorded on magnetic tape, and 
records were produced in the field to verify that the system was operating properly and that 
usable data were being collected. The tapes were later processed to eliminate background 
"noise" and to enhance the amplitude of anomalies detected along the lines. Section 11.3.1.1, 
Original Earthen Ponds, presents and discusses the results of the GPR surveys. 
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JJ.2.3.1.4 Drilling, Sampling, and Chemical Analysis * 
The OU4 drilling program was implemented to accomplish specific objectives in different 

areas within OU4. These areas, as outlined in the Phase I Work Plan, include the Original 
Ponds area, the existing SEPs area, the ITS area, and the remainder of OU4. The methods for 
drilling and sampling at each location were similar throughout the program. To avoid repetition 
and redundancy, any subsequent description of drilling and subsurface sampling activities will 
be referred to this section. The following SOPS, as revised by DCNs, were adhered to, as 
applicable, during the drilling program: 

SOP GT.01 
SOP GT.02 
SOP GT.03 
SOP GT.05 
SOP GT.06 
SOP GT.08 
SOP GT.10 
SOP GT.15 
SOP F0.02 
SOP F0.03 
SOP F0.04 
SOP F0.06 
SOP F0.08 
SOP FO.10 
SOP FO.ll  
SOP F0.13 

SOP F0.14 
SOP F0.15 
SOP F0.16 
SOP F0.18 
SOP F0.23 

Logging of Alluvial and Bedrock Materials 
Drilling and Sampling Using Hollow-Stem Auger Techniques 
Isolating Bedrock from the Alluvium with Grouted Sur$ace Casing 
Plugging and Abandonment of Boreholes 
Monitoring Wells and Piezometer Installation 
Sur$ace Soil Sampling 
Borehole Clearing 
Geophysical Borehole Logging 
Transmittal of Field QA Records 
General Equipment Decontamination 
Heavy Equipment Decontamination 
Handling of Personal Protective Equipment 
Handling of Drilling Fluids and Cuttings 
Receiving, Labeling, and Handling Environmental Materials Containers 
Field Communications 
Containerization, Preserving, Handling, and Shipping of Soil and Water 
Samples 
Field Data Management 
Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 
Field Radiological Measurements 
Environmental Sample Radioactivity 
Management of Drill Cuttings (dra$) 

The samples collected were analyzed for the parameters listed in Table 11.2-4. 

11.2.3.2 Existing Ponds (MSS 101) Investigation 

This section presents the components of the existing ponds (IHSS 101) investigation. 
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II.2.3.2.1 Visual Inspections of SEP Liners a 
Visual inspections of the SEP liners were completed to evaluate the integrity of the liners 

and to identify potential cracks or breaches and to determine the locations and accessibility of 
proposed boreholes. The visual inspections of each of the SEPs were used to locate boreholes 
both in areas of suspected liner deterioration and in areas where the liner appeared to be intact. 
The visual inspections were conducted by walking traverses across the SEP, plotting cracks or 
irregularities on a map, and taking photographs for a permanent record of the surface condition 
of the liner. 

The visual inspection of SEP 207-A was completed in two phases on December 9, 1992 
and February 26, 1993 because of the presence of ice and snow covering approximately half the 
SEP during December. The visual inspections of SEPs 207-B Center and 207-B North were 
completed during September 1993. The results of each of the visual inspections are summarized 
in Section 11.3.1.2, Existing Ponds Investigation Results. Separate reports that include 
photographs detailing the findings of the visual inspections were prepared and are included in 
Appendix 11. D. 

0 II.2.3.2.2 Radiological Surveys of the SEPs Liner Surface 

The objectives of the radiological surveys within the emptied SEPs were to identify the 
presence of radiological contamination on the surface of the SEP, define health and safety 
requirements, and assess the level of surficial radiological contamination of the liner. A brief 
summary of the principles behind the radiation surveys is presented below prior to discussing 
surveys performed in the SEPs. 

Radiation: According to The Health Physics and Radiological Health Handbook, radioactivity 
is the spontaneous emission of radiation, generally alpha or beta particles, often accompanied 
by gamma rays, from the nucleus of an unstable isotope. The major source of ionizing radiation 
to the general public is the natural background (cosmic and terrestrial radiation). The natural 
background radiation level varies from location to location based upon the altitude and the 
presence, concentration, and proximity of primordial radioactive material (Le., natural uranium 
spurs within the ground). 
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Workers within the nuclear industry are trained in the hazards associated with radiation. 
Therefore, depending upon the activity to be performed within the nuclear facility, the radiation 
worker may be exposed to ionizing radiation that is associated with their work or Occupation, 
in addition to that from the natural background. The quantity and type of Occupational radiation 
that a radiation worker receives is regulated and monitored by the nuclear facilities, which are 
themselves regulated and monitored by the federal government. 

Exposure Monitoring: Based upon a historical evaluation, the types of radiation that are 
typically emitted by the radioactive materials that were located within the SEPs include gamma 
rays and alpha and beta particles. The radiation surveys that were conducted within OU4, 
included direct monitoring of alpha, beta, and gamma radiation. When the direct radiation 
surveys were being performed, the radiation monitor was detecting the combined background 
and occupational radiation exposure rate at the grid location in question. For the purposes of 
this study, the direct radiation survey results are referred to in units of either counts per minute 
(cpm) or cpm above background. As the phrase implies, cpm above background values include 
only that quantity of radiation that is in excess of the general background radiation level. 
General background radiation levels are determined on a daily basis at the RFP by taking a 
direct radiation level reading in an area that should only be affected by natural background 

@ radiation. 

Different instrumentation was used for each type of radiation monitoring. For the beta 
direct surveys, the minimum detectable activity for the instrumentation used was 100 cpm. For 
gamma survey instrumentation, the survey results documented within this report were recorded 
with no additional modifications. The minimum detectable activity for the direct alpha survey 
instrumentation was 250 cpm. 

Contamination Monitoring: Radioactive contamination is defined in simplest terms as the 
presence of radioactive material where it is not wanted. When one monitors for radioactive 
contamination, the object is to determine how much radioactive material can be easily removed 
from the surface. This is accomplished by smearing the surface in question and then monitoring 
the smear for radiation. Typically, smears are taken over a 100 square centimeter (cm2) surface 
area for purposes of consistency. The units are therefore reported in disintegrations per minute 
(dpm)/100 cm2. 
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For both alpha and beta contamination surveys, the minimum detectable activity for the 
instrumentation used to count the smears is 3 dpm. Those values noted as being less than (<) 
3 dpm/100 cm2 are delineated on the figures within this report as 0 dpm/100 cm2. 

0 

For the unrestricted release of facilities and equipment, the Nuclear Regulatory 
Commission (NRC) has established a criterion for removable alpha contamination of 20 dpm/100 
cm2 for transuranics. The NRC has an unrestricted release criterion for facilities and equipment 
of 1000 dpm/100 cm2 for beta contamination. If Strontium-90 is known to be present, this 
unrestricted release criterion is decreased to 200 dpm/100 cm2. The hG&G Rocky Flats Plant 
EM Radiological Guidelines, Manual 3-21000-OPS-EMRG, Guideline 3.1, Performance of 
Surface Contamination Surveys, denotes uncontrolled area criteria of 20 dpm/100 cm2 for alpha 
contamination and 200 dpm/100 cm2 for bedgamma contamination. 

Existing Ponds Alpha Surveys: The SEP alpha radiation surveys were conducted in accordance 
with guidelines established in RFP Radiological Operating Instruction (ROI) 3.1, Pe~ormance 
of SurJace Contamination Surveys. Each of the surveys consisted of both an instrument survey 
of the surface of the SEP liner and a smear survey in order to investigate removable, non-fixed, 
alpha particles. A Ludlum 12-1A@ coupled to an air-proportional detector was used to perform 
the instrument surveys. Eberline SAC-4@ and BC-4@ instruments were used to complete the 
smear surveys. The alpha activity measurements were recorded on Radiological Contamination 
Survey Forms and are included in Appendix 1I.E. 

" 

0 

The SEP 207-A alpha survey was completed during November 1992 and was described 
in memorandum RWN-019-92. To complete the surveys, a grid system with 136 square grid 
areas was established on the liner of the SEP at approximately 25 feet centers. For most of the 
square grid areas, three alpha measurements were made for a total of 412 alpha measurements 
within SEP 207-A. The alpha, survey locations in SEP 207-A are shown in Figure 11.2-6. 
Section 11.3.1.2, Existing Ponds Investigation Results, presents and discusses the results of the 
alpha activity survey in SEP 207-A. As mentioned, copies of the field forms are included in 
Appendix 1I.E. 

To complete the SEPs 207-B Center and 207-B North alpha surveys, grid systems 
establishing a total of 165 square grid areas were made for each SEP, as shown in Figures 11.2-7 
and 11.2-8. The surficial radiological measurements were taken near the center of each square 
grid area. The alpha survey for SEP 207-B Center was performed during July 1993 in 
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accordance with Radiological Sampling Plan RWN-024-93. The alpha survey for SEP 207-B 
North was performed during September 1993 in accordance with Radiological Sampling Plan 0 
RWN-033-93. 

Existing Ponds Beta/Gamma Surveys: The bedgamma activity surveys in the SEPs were 
completed using a Bicron@ Field Instrument for the Detection of Low-Energy Radiation 
(FIDLER) in accordance with guidelines established in ROI 6.6, Use of the Bicron FZDLER 
(Field Instrument for the Detection of Low Energy Radiation) and ROI 3.1, Peglormance Of 

Sufuce Contamination Surveys. Copies of the BedGamma Radiological Contamination Survey 
Forms are included in Appendix 1I.E. 

The SEP 207-A bedgamma survey was completed during November 1992 in accordance 
with and as described in memorandum RWN-015-92. The survey was accomplished by taking 
measurements within the SEP 207-A grid discussed above and shown in Figure 11.2-6. The liner 
surface of each square grid area established within SEP 207-A was scanned with the FIDLER 
instrument and the highest one-minute scalar value was used as the representative measurement 
for that grid area. A total of 136 measurements was obtained during the FIDLER survey. 
Section 11.3.1.2, Existing Solar Evaporation Ponds Investigation Results, presents and discusses 
the results of the FIDLER survey in SEP 207-A. a 

The bedgamma surveys for SEP 207-B Center were performed during July 1993 and 
described in memorandum RWN-024-93. The bedgamma surveys for SEP 207-B North were 
performed during September 1993 and described in memorandum RWN-033-93. The surface 
of the square grid areas established within SEPs 207-B Center and 207-B North were scanned 
with the FIDLER instrument and the highest one-minute scalar measurement was used as the 
representative value for that square grid area. A total of 165 measurements was obtained from 
each of the 207-B SEPs. A background measurement location against which to record liner 
measurements was established on the northern side of SEP 207-B North. These results are 
presented and discussed in Section 11.3.1.2, Existing Ponds Investigation Results. Copies of the 
BedGamma Radiological Contamination Survey Forms used for the surveys are included in 
Appendix 1I.E. 
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11.2.3.2.3 Ground Penetrating Radar e 
GPR surveys were completed only within and adjacent to SEP 207-A. The purpose of 

the surveys was to evaluate the applicability of GPR as a non-intrusive investigative method. 
These surveys were completed using a Geophysical Survey Systems, Inc. Model SIR System-6 
GPR using both 300-MHz and 900-MHz antennas. Data were recorded on magnetic tape, and 
records were produced in the field to verify that the system was operating properly and that 
usable data were being collected. The tapes were later processed to eliminate background 
"noise" and to enhance the amplitude of anomalous features along the lines. 

Two pilot surveys were conducted during December 1992 to test the viability of using 
GPR in SEP 207-A. The first pilot survey was a field calibration test to evaluate the depth of 
penetration that GPR was capable of in this area. The second pilot survey was a comparative 
analysis test to evaluate two different antennas. 

The field calibration test was conducted outside the southwestern comer of SEP 207-A, 
as shown in Figure 11.2-4. Four GPR survey lines, totaling approximately 200 feet, were 
recorded using a 300 MHz antenna. These lines were located perpendicular to known utility 
corridors to evaluate the depth of penetration of the 300 MHz antenna. The results of this 
survey are presented and discussed in Section 11.3.1.2, Existing Ponds Investigation Results. 

@ 

The comparative analysis test was conducted within the western and southwestern portion 
of SEP 207-A. This test consisted of recording 11 lines spaced 20 feet apart that totaled 1,100 
feet using a 300 MHz antenna. Six of the 11 lines, totaling 550 feet, were duplicated using a 
900 MHz antenna for comparative purposes. The results of the comparative survey are 
discussed in Section 11.3.1.2, Existing Solar Evaporation Ponds Investigation Results. 

11.2.3.2.4 Liner and Subgrade Sampling and Analysis 

Twelve asphalt liner and subgrade samples were collected from the SEPs as shown in 
Figure 11.2-3. Six samples were collected within SEP 207-A during February 1993, and three 
samples were collected from each of SEPs 207-B Center and 207-B North during October and 
November 1993. Samples of the asphalt liner were 
RFI/RI; however, it was suggested in the work plan 
disposal purposes. Samples of the subgrade materials 
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at the locations (boreholes) specified for contaminant characterization purposes. The work plan 
originally specified that only five locations in SEP 207-A were to be sampled; however, the 
locations were modified on the basis of the visual survey (see TM2), and a sixth sampling 
location was added. The sixth borehole was originally located in the vicinity of the clarifier. 
but was relocated during the field investigation. The asphalt liner and subgrade samples were 
analyzed for the radionuclides and total metals listed in Table 11.2-4. 

0 

The liner samples from each of the SEPs were collected by compositing the asphalt liner 
excavated for the boreholes and placing a split into a clean glass jar. There was no SOP 
available for collecting liner samples during this investigation, The subgrade material samples 
were collected using grab surficial soil sampling methods described in SOP GT.08, Sur$uce Soil 
Sampling, as modified by DCN No.93.03. The results of the liner and subgrade samples are 
summarized and discussed in Section 11.3.1.2, Existing Investigation Results. A complete listing 
of the analytical results for the liner and subgrade samples is included in Appendices ILL and 
ILM, respectively. 

11.2.3.2.5 Borehole Drilling, Sampling, and Chemical Analysis: 

Twelve boreholes were drilled within the SEPs for geochemical and geological 
characterization purposes, as shown on Figure 11.2-3. Six boreholes were completed in SEP 
207-A, and three boreholes were completed in each of SEPs 207-B Center and 207-B North. 
The boreholes were drilled and sampled using hollow-stem auger drilling techniques, as 
previously described, No deviations from the work plan, as amended by TM2, were recorded, 
and activities were completed using SOPS. 

The intervals required for collection of subsurface soil samples beneath the SEPs were 
specified in TM2 and varied from those required for subsurface samples collected outside the 
SEPs. Beneath the SEPs, the following sample collection intervals were required: 

Composited over 2-foot intervals: Radionuclides, target analytic list (TAL) metals 
Sampled at discrete .2-foot intervals: Volatile organics 
Composited over 4-foot intervals: Nitrate 
Composited over 6-foot intervals: Semivolatile organics, pesticides, PCBs, cyanide, 

sulfide 
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The analytical parameters required for the subsurface soil samples also are summarized 
in Table 11.2-4. Unconsolidated and bedrock material were not composited together for analysis. 
Intermixing of unconsolidated and bedrock materials for analysis was minimized to the extent 
possible. All bedrock samples were cornposited over 6-foot intervals, with the exception of the 
samples collected for volatile organic compound (VOC) analyses. VOC samples were collected 
at discrete 2-foot intervals. The results of the borehole drilling and sampling within the SEPS 
are summarized and described in Section 11.3.1.2, Existing Ponds Investigation Results. A 
complete listing of the chemical analytical results for the borehole is included in Appendix N. 

0 

11.2.4 Surficial Soils Investigation 

This section describes the activities conducted as part of the surficial soils investigation. 
Activities included performing surface radiological surveys and collecting soils samples for 
chemical analysis. 

11.2.4.1 Radiological Surveys 

The Phase I RFI/RI objectives of the surficial soil radiological surveys included 
characterizing potentially contaminated soil resulting from aerosol dispersion of radionuclides 
in the vicinity of the SEPs and identifying dispersion trends. Radionuclide "hot spots" detected 
during this survey were further investigated with supplemental surficial soil sampling. 

@ 

The OU4-wide radiological survey was conducted on a grid-system as shown on Figure 
11.2-5. The grid was established on 100-foot centers extending east from Building 771 to the 
eastern-most extension of the ITS. The grid extended north from approximately 150 feet south 
of the SEPs to the northern edge of the ITS. Areas within the PSZ were excluded from the 
survey. The individual SEPs also were excluded from the OU wide survey; however, separate 
surveys of SEPs 207-A, 207-€3 Center, and 207-B North were conducted, as previously 
described. SEPs 207-B South and 207-C were not surveyed due to the presence of sludge and 
liquids. An additional survey point was placed at the center of each 100-foot square grid within 
the PA south of the PSZ. A total of 3 11 measurements was made, which differed from the 350 
points estimated in the work plan due to the presence of buildings and structures, and lack of 
access to some of the SEPs. 
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Alpha Survey: The Phase I Work Plan field methods for the surficial soil 
radiological survey included measurement of both alpha and gammdbeta at all 
surficial radiological survey locations. However, only bedgamma activity 
measurements were obtained due to limitations of the alpha instrument. The 
instrument became damaged from contact with irregular soil surfaces and 
vegetation. The justification for the elimination of the alpha measurements from 
the OU4-wide radiological survey is presented in TM2. 

Beta/Gamma Survey: Figure 11.2-5 shows the grid locations for the OU4-wide 
surficial soil radiological survey where measurements were made. A total of 31 1 
measurements out of 350 identified measuring locations for gammdbeta readings 
were obtained for the OU4-wide survey. Measurements were not collected at 39 
locations because of buildings, SEPs 207-C and 207-B South which contained 
liquids and sludges, or other physical interferences. 

The OU4-wide betalgamma radiological survey was completed using a Bicron 
FIDLER instrument in accordance with SOP FO. 16, Field Radiological 
Measurements and ROI 6.6, Use of the Bicron FIDLER. Documentation of each 
radiological measurement was recorded on Form FO. 16A, Results of Radiological 
Mearurements In The Field. Copies of the completed forms are contained in 
Appendix II.F. All surficial radiological measurement locations were determined 
using pacing measurements and/or taping measurements. As discussed in TM2, 
the radiological survey grid locations were not to be land surveyed or tied to the 
RFP datum unless a surficial soil sample was collected at that location. 

11.2.4.2 Surficial Soil Sampling and Chemical Analysis 

In addition to surface radiological surveys, the surficial soils program included the 
collection and laboratory chemical analysis of surficial soil samples. The samples were analyzed 
for the parameter groups listed in Table 11.2-4. Table 11.2-5 lists the specific chemical 
constituents in each parameter group. The primary objective of the surficial soil 
samplingprogram was to identify and characterize any potential soil contamination resulting from 
aerosol dispersion. 
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TABLE 11.2-5 

LISTS OF CONSTITUENTS ANALYZED BY CLP METHODS 

TARGET ANALYTE LIST (TAL) METALS 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryl1 ium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 

Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
S il icon 
Silver 
Sodium 
Strontium 
Thall ium 
Tin 
Vanadium 
Zinc 

PESTICIDES AND POLY CHLORINATED BIPHENYLS 

4,4'-DDD 
4,4' -DDE 
4,4'-DDT 
Aldrin 
Aroclor-1016 
Aroclor- 122 1 
Aroclor-1232 
Aroclor- 1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan I1 

Endosulfan sulfate 
Endrin 
Endrin ketone 
Heptachlor 
H ep tach 1 or epoxide 
Methoxychlor 
Toxaphene 
Alpha-bhc 
A 1 p h a-ch 1 ord ane 
Beta-bhc 
Del ta-b hc 
Gamma-bhc (lindane) 
Gamma-chlordane 
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TABLE 11.2-5 (continued) 

LISTS OF CONSTITUENTS ANALYZED BY CLP METHODS 

TARGET COMPOUND LIST (TCL) 
VOLATILE ORGANIC COMPOUNDS 

1, 1 , 1-Trichloroethane 
1,1,2,2-TetrachIoroethane 
1,1,2-Trichloroethane 
1,l-Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloroethene 
1,2-DichIoropropane 
1 -Hexanol, 2-Ethyl-2-Butanone 
2-Hexanone 
2-Hep tanone 
4-Methyl-2-pentanone 
Acetone 
Acetic acid, methyl ester 
Benzene 
Bromod ichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 

Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
D i bromochloromethane 
Decanal 
Ethylbenzene 
Hexanal 
Methylene chloride 
Pentanal 
Styrene 
Tetrachloroethene 
Toluene 
Total xylenes 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 
cis-l,3-Dichloropropene 
trans- 1,3-Dichloropropene 
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TABLE 11-24 (continued) 

LISTS OF CONSTITUENTS ANALYZED BY CLP METHODS 

TARGET COMPOUND LIST (TCLJ 
SEMIVOLATILE ORGANIC COMPOUNDS 

.alpha.-Pinene (acn) 
1 ,2,4-Tr ich lo ro b enzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1 h-Cyclopropa[a]naphthalene, 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-DichIorophenol 
2,4-Dimethylphenol 
2,4-Dini trophenol 
2,4-Dinitrotoluene 
2,s-Cyclohexadiene- 1,4-dione 
2,5-Hexanedione 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-methyl phenol 
2-Nitroaniline 
2-Nitrophenol 
2-Pentanone, 4-Hydroxy-4-met 
2h-1 -Benzopyran-2-one 
3,3’-Dichlorobenzidine 
3-Hexene, 2,2,5,5-Tetramethyl 
3-Hexene-2,5-Dione 
3-Nitroaniline 
4,6-Dinitro-2-Methylphenol 
4-Bromophenyl Phenyl Ether 
4-Chloro-3-methyl phenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroanil ine 
4-Nitrophenol 
7h-Benz[de]anthrace-7-one 
9,lO-Anthracenedione 
Acenaphthene 
Acenaphth y 1 ene 
Anthracene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo(b)fluoranthene 
Benzo(gh i)pery 1 ene 
Benzo(k)tluoranthene 
Benzoic acid 

Benzyl alcohol 
bis(2-ch1oroethoxy)Methane 
his(2-chloroethy1)Ether 
bis(2-chloroisopropy1)Ether 
bis(2-ethylhexy1)Phthalate 
Butyl benzyl phthalate 
Benzenesulfonarnide, 4-methyl 
Butane, l,l’-[oxybis(2, l-eth 
Carbazole 
Chr y sene 
di-n-Butyl phthalate 
di-n-Octyl phthalate 
Dibenzo(a,h)anthracene 
D ibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Ethane, 1,1,2,2-tetrachIoro- 
Ethanol,2-butoxy-, phosphate 
Fluoranthene 
Fluorene 
H exachl orobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Hexanedioic acid, mono(2-eth 
Hexadecanoic acid 
Hexanedioic acid, dioctyl es 
Indeno( 1,2,3-~d)pyrene 
Isophorone 
Methane, dichloro- 
n-N i troso-d i-n-prop ylamine 
n-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Napthalene isomer c12h12 
Nonadecane 
Octadecanoic acid 
Oxirane, 2,2’-[(l-rnethylethy 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Pentadecane 
Phenol, 2,6-bis(l ,l-dimethyl 
Phosphoric acid, tris(2-ethy 
Tributyl Phosphate 
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The surficial soil sampling program consisted of three components: 

Collection of 27 samples from randomly chosen locations, 
Collection of 10 samples from discrete locations, and 
Collection of 48 samples from borehole locations. . 

The discrete locations were chosen based on high gamma radiation measurements, and 
proximity to ground water seeps, and to provide additional data for the baseline risk assessment. 
The analytical parameters for both the random and discrete surficial soil samples are listed in 
Table 11.2-4. 

The sample collection methods are described in SOP GT.08 as amended a DCN requested 
by CDH. Pursuant to correspondence between CDH and DOE, dated September 1, 1992, 
surficial soil samples within the PA were to be collected with a "jig and scoop" at the center and 
four corners of a one-meter square centered on the sampling location. This sample was then 
homogenized in a stainless-steel bowl. In paved areas, such as beneath the SEP liners, grab 
samples were taken, rather than homogenized jig and scoop samples. A DCN was written to 
SOP GT.08 for these amended methods for sample collection. Documentation of each surficid 
soil sample collected was recorded on form GT.8A, Suface Soil Data Collection Form, and is 
included in Appendix 1I.G. Additional SOPS followed for the collection of surficial soil samples 
included: 

0 

SOP FO. 03 General Equipment Decontamination 
SOP F0.13 Containerization, Preserving, Handling and Shipping of Soil and Water 

Samples 
SOP FO. 16 Field Radiological Measurements 
SOP GT.07 Logging of Test Pits and Trenches 

11.2.4.2.1 Random Locations 

The 26 random surficial soil sample locations were selected, as described in TM2, by 
determining the dimensions of OU4, setting up a grid for the area, and selecting the coordinates 
for sampling locations using a random number table. The coordinates were then compared to 
areas of inaccessibility and discarded if they fell in inaccessible areas. The final sampling 
locations are shown on Figure 11.2-12. 
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Three of the locations fell within SEP 207-A, an area undesirable for surficial soil 
samples because sampling from beneath the SEP liner did not support the objective of evaluating 
the extent of potential aerosol contaminant dispersion. These locations were moved to locations 
outside of the SEP 207-A perimeter, but near the original randomly selected location. 

0 

11.2.4.2.2 Discrete Locations 

The collection of 10 discrete surficial soil samples at radionuclide "hot spot" locations 
identified in the OU4-wide radiological survey was modified due to the limited number of 
locations exhibiting anomalous radiation measurements. These discrete surficial soil sampling 
locations included three locations that exhibited elevated radiological activity (Nos. 27, 28, and 
29). Four of the 10 samples were relocated to ground water seep areas on the slope immediately 
north of the SEPs (Nos. 30, 31, 32, and 33). The three remaining discrete soil samples were 
collected at locations to provide additional data for the baseline risk assessment (Nos. 34, 35, 
and 36). These locations are shown on Figure 11.2-12. Detailed justification and descriptions 
for each of these locations can be found in Section 3.4 of TM2. 

II.2.4.2.3 Borehole Locations 

Surficial soil samples also were collected at 36 of the soil borings drilled for the Original 
Ponds, the vadose zone, and geologic investigations to complement the surficial soils program. 
The locations of the surficial soil samples collected at borehole locations also are shown on 
Figure 11.2-12. These samples were analyzed for the suite of parameters listed in Table 11.2-4. 

11.2.5 Vadose Zone Investigation 

The vadose zone investigation was designed to evaluate water storage and migration 
characteristics of the vadose zone, evaluate chemical quality of the unsaturated system at RFP, 
and test various monitoring techniques. The data were used to characterize and identify potential 
contaminant sources, evaluate the extent of vadose zone contamination, and aid in identifying 
potential subsurface migration pathways. The scope of the vadose zone investigation is defined 
in TM1. The objectives of the vadose zone investigation included: 

. Characterization of vadose zone soil contamination and evaluation of potential 
vadose zone migration pathways, and 
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. Development of a vadose zone data base to support remedial action decisions and 
to aid in the development of post-closure monitoring approaches. 

To accomplish these activities, vadose zone monitoring, sampling, and data collection 
procedures were selected, which included soil moisture content measurements using a neutron 
probe, tensiometer measurements, and suction lysimeter measurements. Additionally, TM1 
specified that site-specific direct and indirect monitoring techniques and instrumentation be 
evaluated for their applicability to collect pore water and to measure soil moisture content. 
Direct methods evaluated included collection of pore water, laboratory geotechnical testing for 
chemical and physical properties of vadose zone soils, borehole permeability testing, surface 
infiltration testing, and collection of soil gas samples. Indirect methods evaluated included 
borehole geophysical logging and measurements of in situ soil moisture using a neutron probe. 
A water balance also was estimated from the data in support of the evaluation of migration 
pathways and evduation of the ITS. The following sections describe the activities completed 
in support of the vadose zone investigation. 

11.2.5.1 Drilling, Soil Sampling, and Instrument Installation 

As described in TM1, the locations for vadose zone testing were chosen to characterize 
representative conditions beneath OU4. Particular emphasis for selecting locations was placed 
on historical data that contained information on ground water seepage locations, surface water 
quality , pre-ITS and PSZ construction topography, construction history, and local hydrogeology. 
A preliminary review of existing data and data from the initial boreholes drilled during the Phase 
I RFI/RI program allowed for a refinement of the proposed vadose zone boring locations. 
Sixteen soil borings were drilled and sampled in support of the vadose zone investigation 
@reviously shown on Figure 11.2-1 1). Of the 16 vadose zone boreholes proposed, eight were 
relocated to characterize the potential vadose zone migration pathways. Justifications for each 
relocation are detailed in TM1. 

All boreholes were drilled and sampled in accordance with SOP GT.02, Drilling and 
Sampling Using Hollow-Stem Auger Techniques. No deviations from the SOPS were noted in 
the field records. During drilling, a BATTM probe was pushed into the soils ahead of each auger 
flight to measure the range of in situ hydraulic conductivities and to evaluate the effectiveness 
of this system in low hydraulic conductivity soils. Section 11.2.5.3 provides a detailed 
description of this system and its implementation. 
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Upon completion of drilling and sampling, each of the boreholes was equipped with 
neutron moderation probe access tubes for measuring in situ soil moisture content (Section 
11.2.5.3) and with suction lysimeters for sampling pore water (see Section 11.2.5.4). The 
neutron moderation probe access tubes were constructed of 2-inch inside-diameter flush-threaded 
Schedule-40 PVC pipes and were installed against the borehole walls using decentralizing 
devices. 

0 

At least one suction lysimeter was installed in each borehole, the locations of which are 
shown on Figure 11.2-11. Two lysimeters were installed in seven boreholes where the 
unsaturated thickness at that location was greater than 5 feet. The lysimeters, manufactured by 
Soil Moisture Equipment Company (Model 1920), consisted of a 1.9 inch outside-diameter PVC 
riser tube connected to a 2-bar air-entry porous ceramic cup, with a neoprene plug and air and 
water lines. SOP VZ. 10, presented in Appendix B of TM1, describes the installation procedure 
for the lysimeters. Figure 11.2-20 is a schematic diagram showing typical lysimeter installations. 
Appendix 1I.H of this document includes completion logs of all lysimeters installed during the 
Phase I RFI/RI. 

TM1 also specified that 16 boreholes were to be drilled to accommodate time domain 
reflectometry (TDR) and frequency domain capacitance (FDC) instruments to support the two 
proposed double-ring infiltration tests. The double-ring infiltrometer tests were not completed, 
and these boreholes were not drilled. The reason for not completing this work, by agreement 
between the CDH and EG&G, was that the data could not be obtained due to the accelerated 
project schedule. It also was agreed that infiltration data being collected elsewhere at the RFP 
would be incorporated into the Phase I RFI/RI report. 

0 

11.2.5.2 Physical Properties of Vadose Zone 

Twenty-five soil core samples from 14 vadose zone boreholes were collected for 
measurements of physical and hydrologic properties. The locations of the boreholes where the 
samples were collected are shown on Figure 11.2-13. All samples were visually inspected in the 
field and screened for radionuclides and volatile organics according to health and safety 
protocols. The samples were stored in a cooler upon collection, and shipped during September 
1993 to a geotechnical laboratory for testing. The laboratory tests included: 
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Particle size sieve and hydrometer tests (ASTM D422-63), 
Initial soil moisture content (ASTM D22 16-80), 
Moisture retention drying curve analysis (ASTM D2325-68(8 l), 
Particle density (ASTM 0854-91) and saturated bulk density (Klute, 1986), 
Electrical conductivity (Rhodes, 1982), 
Atterberg limits (ASTM D4318-84), 
Saturated hydraulic conductivity [ASTM D2434-68(74) or Klute, 19861, 
Total organic carbon (ASTM D2579-85), and 
Cation exchange capacity (EPA Method 908 I). 

The results of these tests are presented and discussed in Section 11.3.3.2, Physical 
Properties of the Vadose Zone. 

11.2.5.3 Hydraulic Properties of Vadose Zone 

The capacity of geologic materials to transmit and retain fluids has a direct effect on the 
development of preferential contaminant migration pathways. Physical properties of surficial 
and subsurface materials were evaluated to estimate saturated hydraulic conductivity, infiltration 
rates of water ponded on the ground surface, soil moisture matric potential relationships, and 
the time required for water in the vadose zone to reach the water table. The following 
subsections and Section 11.3.3, Vadose Zone Investigation Results, describe the methods for 
evaluating the aforementioned properties. 

0 

11.2.5.3.1 Field Permeability Tests 

In situ permeability of the vadose zone materials, which included the Rocky Flats 
Alluvium and the weathered Arapahoe Formation, was tested to evaluate the ranges in hydraulic 
conductivities of the different lithologic units within the vadose zone and to evaluate vadose zone 
testing equipment. The tests included the BATTM probe and Guelph Permeameter measurements. 
Tests conducted using a BATTM probe involved measuring water inflow rates and pressures into 
isolated portions of the lithologic units of interest in the vadose zone boreholes. SOP SW.34 
(draft), In situ Sampling with BATm System, provides a description of the procedures for using 
the BATTM system for these measurements. 

022tl2243112.WPF 
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In summary, the BATTM system was developed by l3engt-Arne-Torstensson for in situ gas 
and/or liquid sampling. The system uses drive points attached to 1-inch-diameter steel rods that 
are advanced into undisturbed soils to the target depth. The BATTM system drive point used 
during the Phase I RFI/RI consisted of a ceramic cup, through which falling head infiltration 
tests could be conducted to measure hydraulic conductivities. BATTM tests generally are limited 
to soils with hydraulic conductivities less than lo6 cm/s. 

@ 

Nineteen BATTM hydraulic conductivity tests were completed at 14 locations (Figure 11.2- 
14) by driving the ceramic cup point to the target depth, inserting a small volume of water 
(10.60 milliliters) into the formation, and pressurizing the column of water with small volumes 
of air. The resulting pressure reduction, or fall-off, was recorded via a pressure transducer and 
datalogger, and hydraulic conductivities were calculated. Generally, tests were conducted at 
approximately 5-foot intervals or when lithologic units of particular interest were encountered 
during drilling. Four of the 19 tests were unsuccessful (locations 41793, 42893, 43793, and 
44093), principally due to the inability to drive the point through the Rocky Flats Alluvium. 
At the remaining 10 locations, 15 successful tests were completed. Section 11.3.3.3, Hydraulic 
Properties of the Vadose Zone, presents and discusses the results of the BATTM tests. 

Twenty-four Guelph Permeameter tests were attempted at 19 locations, as specified in 
TM1 and shown on Figure 11.2-15, to determine hydraulic conductivity of the near-surface soils. 
These tests were conducted adjacent to 18 of the Phase I RFI/RI boreholes and one existing 
monitoring well. The numeric designation of the test is associated with the corresponding 
borehole or well. 

The Guelph permeameter is a constant-head permeameter, manufactured by Soil Moisture 
Corp., that provides a method for determining field-saturated hydraulic conductivity greater than 

cm/s, matric flux potential, and soil sorptivity. The method involves measuring the steady- 
state rate of water recharge into the shallow soils from a cylindrical hole in which a constant 
head of water is maintained. Figure 11.2-21 presents a schematic diagram of the testing 
apparatus. All tests were conducted in accordance with SOP VZ.2, Procedure for Using the 
Guelph Pemzeumeter, presented in Appendix B of TM1. 

Of the 24 tests, three failed due to borehole collapse or the inability to advance the power 
auger below grade. Duplicate tests were conducted at four locations: two on the northern end 
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of SEP 207-A; one inside SEP 207-A; and one south of SEP 207-A. Section 11.3.3.3, Field 
Measurements of Hydraulic Properties, presents and discusses the results of the Guelph tests. 0 

As previously stated, two instrumented double-ring infiltrometer tests to measure 
infiltration rates were to be completed as part of the Phase I RFI/RI. They were not completed; 
however, available infiltration data from similar infiltration tests completed in OU2 are 
incorporated into the Phase I RFI/RI report as appropriate. 

11.2.5.3.2 Laboratory Permeability Tests 

Twenty-five soil core samples were collected from 14 vadose zone boreholes during the 
OU4 Phase I drilling program for laboratory permeability testing. The 1ocations.of the boreholes 
from which the samples were collected are shown on Figure 11.2-13. The tests conducted 
included saturated hydraulic conductivity by ASTM D2434-68(74) and soil water characteristic 
curve tests by pressure-plate methods to measure the matric potential under varying moisture 
contents. Section 11.3.3.4, Laboratory Measurements of Hydraulic Properties, presents and 
discusses the results of these tests. 

11.2.5.3.3 Neutron Probe Measurements 

Figure 11.2-1 1 shows the locations of the 16 vadose zone monitoring boreholes that were 
completed with neutron access tubes for measuring in situ soil moisture content with neutron 
moderation probes. The neutron probes and gauge assemblies used during this study were 
503DR-1.5 and 503DR-2 hydroprobes manufactured by CPN Corporation. The primary 
components of these portable probes were the source (50 millicuries Americium-24 UBerylliurn) 
and detector, contained in the downhole probe, and the shielding and signal processor, housed 
within the body of the gauge. Neutron counts were measured at 1-foot intervals from the ground 
surface to near the bottom of the neutron access tube. The counts were averaged over a 
counting period of 32 seconds. Neutron counts are typically converted to approximate 
volumetric moisture content using either gauge-specific or field-generated calibration curves. 
Since the probes were not calibrated in accordance with TM1, the neutron count data are 
reported as recorded in the field. Section 11.3.3.3, Field Measurements of Hydraulic Properties, 
presents and discusses the results of these measurements, including estimations of the saturation 
levels in the respective boreholes. 

I 
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11.2.5.3.4 Water Level Measurements 

The vertical fluctuation of the ground water table was measured by using pressure 
transducers and data loggers at five existing ground water monitoring wells within OU4 and 
collecting manual water level measurements at approximately 50 additional piezometers and 
monitoring wells. The locations of these wells and piezometers are shown on Figure 11.2-16. 
Data from these locations will be used to estimate integrated travel times from the ground 
surface to the water table and will be calculated by comparing water table fluctuations with 
precipitation events and changes in moisture content within the vadose zone. This estimate 
provides a means for calculating the vertical infiltration rates and water balance of the vadose 
zone and fluctuations of the water table. 

11.2.5.4 Chemical Properties of Vadose Zone 

This section briefly describes the activities conducted to obtain chemical data from the 
vadose zone. 

11.2.5.4.1 Soil Chemical Analvses 

Soil samples collected during vadose zone borehole drilling were analyzed for the 
parameter groups listed in Table 11.2-4. Table 11.2-5 lists the specific chemical constituents in 
each parameter group. In addition, the vadose zone physical and hydrologic property samples 
were analyzed for total organic carbon and cation exchange capacity. The nine soil samples 
collected for leaching tests discussed below were analyzed for nitrate, bulk density, specific 
gravity, and moisture content prior to commencing the column leaching tests. The results of 
these analyses are presented and discussed in Section 11.3.3.6, Chemical Properties of the 
Vadose Zone. 

11.2.5.4.2 Soil Gas Survey 

Soil gas samples were obtained at 28 locations (Figure 11.2.-17) by driving a stainless 
steel probe into the shallow subsurface soil to a depth of approximately 5 feet below grade. The 
probe was then retracted slightly to open the sample port. A vacuum was applied to the probe 
and, after purging the system of a number of sample volumes, a soil gas sample was collected. 
The soil gas sample was analyzed onsite using a gas chromatograph with megapore capillary 
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columns, dual photoionization detector and electron capture detector (PID/ECD) operated in 
series, and a computerized data system. Samples were analyzed for 1,1,1-trichloroethane 
(TCA) , carbon tetrachloride, trichloroethlene (TCE) , and tetrachloroethlene (PCE). The results 
of the soil gas survey are presented and discussed in Section 11.3.3.6, Chemical Properties of 
the Vadose Zone. 

0 

II.2.5.4.3 Pore Water Analyses from Lysimeters 

Figure 11.2-1 1 shows the 15 vadose zone boreholes equipped with either a single or dual 
lysimeter. A total of 22 lysimeters was installed. Suction lysimeters were used to sample soil 
water within the vadose zone. Soil pore water was drawn into the lysimeter by applying a 60- 
to 80-centibar vacuum to the lysimeter with a hand pump. Water samples were extracted from 
the lysimeter by applying pressure to the air line using a hand pump, which drives the water 
through the water line to the well head. The pore water samples collected from each lysimeter 
were analyzed for the parameters listed in Table 11.2-4. Table 11.2-5 lists the specific chemical 
constituents in each parameter group. Subsequent sampling for analyses of nitrate and TAL 
metals was conducted at approximately 4-week intervals. Section 11.3.3.6, Chemical Properties 
of the Vadose Zone, presents and discusses the results of the lysimeter pore water analyses. a - 

11.2.5.4.4 Column Leaching Tests 

Nine soil samples were collected from three locations in SEP 207-A and three locations 
on the slope north of the B-Series SEPs for column leaching tests, as shown on Figure 11.2-13. 
In SEP 207-A, six samples were collected in core sleeves from each of the three vadose zone 
borings. On the slope north of the B-Series SEPs, a 3-inch-diameter brass tube was pushed to 
a depth of 9 inches below grade in an area which exhibited vegetative stress. Three samples 
were collected for analysis. Following the withdrawal of the sample tubes, the ends were sealed 
with Teflon@ paper and plastic end caps and placed in a cooler maintained at 4 degrees 
Centigrade ("C) for shipment to the laboratory. One additional sample was sent as a quality 
control blank and consisted of 16-40 mesh Colorado silica sand that was used for the filter pack 
on the OU4 piezometers. 

The nine samples were sent to Core Laboratories in Aurora, Colorado where leaching 
tests based on ASTM Method D4874 were conducted. Six-inch-long, 1- to 2-inch-diameter PVC 
columns were packed to the same bulk density as the core sample material. A 500 milligram- 
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per-liter calcium bicarbonate leaching solution buffered to a pH of approximately 7 to 8 pH 
units, which approximates the total dissolved solids content and chemical quality of vadose zone 
pore water or shallow alluvial ground water, was passed through the columns in a backflow 
mode. The flow rate through the columns was adjusted to 10 centimeters per day to 
approximate alluvial ground water flow rates. Samples were analyzed for nitrate, pH, and 
specific conductance after one, two, three, five, and 10 pore volumes passed through the 
columns. The first pore volume was also analyzed for major cations and anions. Although 
TM1 stated that all leachate samples were to be analyzed for major cations, anions, and possibly 
metals, the small (generally less than 25 milliliters) sample volumes only allowed for analyses 
of nitrate, pH, and specific conductance. Section 11.3.3.6, Chemical Properties of the Vadose 
Zone, presents and discusses the results of the column leaching tests. 

II.2.6 Geologic Investigation 

Various sitewide studies have been conducted at the RFP to characterize the media and 
assess the extent of radiological and chemical contaminant releases into the environment. In 
some manner, these reports discuss the geology at the RFP and have been included in the 
historical review process for this Phase I RFURI. Specifically for OU4, the geological 
investigation included reviewing historical data and obtaining borehole information, in the form 
of borehole lithologic logs, from the 1986, 1987, 1989, and 1993 drilling programs. Although 
useful from a historical qualitative perspective, the pre-1986 borehole information was not 
incorporated into the quantitative geological analysis due to reported discrepancies within the 
data set. The Phase I RFI/RI geological investigation included a historical data review; a 
drilling, sampling and chemical analyses phase; and a geophysical investigation phase. 

e 

11.2.6.1 Historical Data Review 

Geological data have been gathered in the SEPs area beginning with the initial feasibility 
and assessment study prior to construction of the SEPs at RFP. Significant work has recently 
been conducted to further characterize the geology at the RFP. A Geological Characterization 
Report for the RFP (EG&G, 1991e) was prepared based on a comprehensive literature search, 
describing previously obtained core samples, reprocessing previously obtained seismic data, and 
analyzing selected samples for grain-size distribution. Additional investigative activities 
conducted at OU4 and other pertinent studies which were used in the Phase I RFI/RI Report are 
summarized in Appendix 1I.A. The data from these studies have been assembled and evaluated. 
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II.2.6.2 Drilling, Sampling, and Chemical Analyses e 
The data requirements to fulfill the geologic characterization objectives varied among the 

different areas of OU4 investigated: the Original Ponds area; the existing ponds area; and the 
ITS and surrounding area. The following provides a brief description of the activities performed 
in each of the areas. 

Original Ponds Area: Six boreholes were drilled and sampled in and adjacent to the 
original ponds area. The information to be obtained from these 
boreholes for geological characterization purposes included 
subsurface lithology and soil chemistry, the identification of 
residual clay liner from the abandoned ponds, investigation of 
ground water levels and bedrock elevations, and the identification 
of possible routes of contaminant migration, such as fractures or 
other macropores or other more permeable zones. 

Existing Ponds Area: Twenty-eight 28 boreholes were drilled and sampled in the existing 
SEPs area, which included 12 completed through the SEPs and 16 
completed around the perimeters. The information to be obtained 
from these boreholes for geologic characterization purposes include 
subsurface lithologies and soil chemistry, identify patterns of 
leakage from the ponds, identify preferential routes of contaminant 
migration, and investigate bedrock topography. 

ITS and Surrounding Area: Nineteen boreholes were drilled and sampled in the ITS and 
surrounding area to characterize subsurface lithologies and soil 
chemistry, investigate ground water and bedrock elevations, 
evaluate the extent to which the ITS is keyed into bedrock, 
investigate the Arapahoe Sandstone subcrop, and to observe 
bedrock fractures. 

Appendix 11.1 includes lithologic logs from all boreholes completed during the Phase I RFI/RI. 
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II.2,6.3 Geophysical Investigations e 
This section discusses the geophysical investigations conducted as part of the Phase I 

RFI/RI. 

II.2.6.3.1 Borehole Geophysics 

The work plan specified that borehole geophysical logging be performed to aid in the 
characterization and correlation of subsurface geologic materials, ground water, and the original 
clay liner. Borehole geophysical logs using natural gamma ray, neutron, and resistivity 
geophysical methods were to be obtained from four boreholes within the Original Ponds area. 
Geophysical logs were obtained from boreholes 42193 and 44193 only, since the other two 
boreholes were deleted from the drilling program as described in TM2. All borehole logging 
was conducted according to SOP.GT. 15, Geophysical Borehole Logging. 

The two boreholes that were geophysically logged were drilled with a hollow-stem auger 
in accordance with SOP GT.02, Drilling and Sampling Using Hollow-Stem Auger Techniques. 
To isolate the alluvium from the bedrock, steel casing was placed in the upper 18 feet of 
borehole 44193 and the upper 10 feet of borehole 42193. The borehole diameters from the 
bottom of the steel casing to total depth were 8 inches each. 

0 
To minimize direct contact of the logging tools with potentially contaminated materials, 

the boreholes were logged through 2-inch-diameter PVC pipe that was installed adjacent to the 
borehole walls. Boreholes 42193 and 44193 were logged to approximately 28 and 48 feet, 
respectively below ground surface (bgs) with the natural gamma and neutron tools. Only 
borehole 44193 was logged using the induction tool to a depth of approximately 48 feet bgs. 
Incomplete suites of logs were obtained from this borehole due to time constraints RFP 
requirements pertaining to contractor-owned radioactive sources. 

The results of the borehole geophysical logging are discussed in Section 11.3.5.3, 
Also presented in that section is a brief summary and Geophysical Investigation Results. 

interpretation of the parameters measured by the individual tools. 
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II.2.6.3.2 Seismic Refraction Survey e 
A seismic refraction survey was not specified in the work plan, but was implemented as 

a geophysical technique that could aid in the characterization of subsurface features. Seismic 
refraction profiles were investigated as a nonintrusive technique that would assist in mapping the 
weathered bedrock and ground water surface, facilitate in delineating possible bedrock 
paleochannels or channels filled during construction, and help to define subsurface geometries 
of lithologic units. Seven seismic refraction profiles representing approximately 4,950 linear feet 
were recorded in the area around the SEPs. Five profiles were located within the PA and two 
were located in the Buffer Zone north of the SEPs. All refraction surveys were conducted in 
accordance with SOP GT. 18, Surjiuce Geophysical Surveys. The locations of these surveys are 
shown on Figure 11.2-9. 

Seismic refraction techniques are used to evaluate the thickness and depth of geological 
layers from the seismic wave travel times. A seismic wave transmitted into the subsurface 
travels at different velocities in its host media and is refracted at interfaces between layers. This 
refraction affects the wave’s travel path and resulting travel time. Using an array of recording 
devices (geophones) on the surface, travel times of the seismic wave can be measured. From 
the travel times, an interpretation can be made of the number of refracting layers, their thickness 
and depth, and the seismic velocity within each layer. The seismic velocity is directly related 
to the layer density. 

0 

Seismic refraction profiles were measured using a floating-point, signal-enhancement Oyo 
MX-160 seismograph attached to 24 in-line 100-Hertz geophones (a spread), spaced at lo-foot 
intervals. All adjacent spreads were laid out end-to-end with a one geophone overlap. A 10- 
pound sledgehammer striking a metal plate on the ground provided the energy source. Records 
were made with the energy source placed at varied locations relative to the geophone array. The 
varied locations included each end of the spread, 5 feet away from each end, 40 feet away from 
each end, and in the middle of the spread. Surface elevations for each geophone were obtained 
by hand-level surveys using nearby monitoring wells as control points. Data were recorded on 
a computer disk and were analyzed using a computer program (SEISREFA), .produced by 0 y 0  
Corp., that provides a depth-to-reflector analysis and printout. The results and interpretation 
of these refraction surveys are presented and discussed in Section 11.3.5.3, Geophysical 
Investigation Results. 
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11.2.7 Field Investigation Quality Assurance/Quality Control e 
Quality assurance/quality control (QA/QC) requirements for all field activities are 

specified in the Site-Wide Quality Assurance Project Plan (QAPjP); the OU4 Work Plan; and 
in various SOPs, such as F0.02, Transmittal of Field QA Records, F0.14, Field Data 
Management, and GT.01, Logging Alluvial and Bedrock Material. All activities in the field 
were conducted in accordance with the applicable SOPs, as amended by DCNs, and technical 
memoranda for this project. 

11.2.7.1 Documentation of ActivitiedProcedures 

Complete documentation of all field activities was maintained in accordance with all 
available and applicable SOPs. Two levels of QA/QC field documentation were implemented 
during the Phase I RFI/RI field activities. QC was accomplished by either the assistant site 
manager or the site manager, and included a completeness review of each sampling location field 
file. The purpose of the completeness review was to ensure that all appropriate field records 
were being maintained. QA was accomplished by the field QA officer prior to transmission of 

the field records to the Environmental Management Division (EMD) records center and the 
EG&G project manager. This final review further ensured that all appropriate field records were 
maintained. 

Appendix 1I.J includes copies of Form F0.2A, Field QA Records Transmission Form, 
that accompanied the completed package of records from each sampling location to the EMD 
records center and the EG&G project manager. This form lists all field QA records associated 
with each particular sampling location. 

11.2.7.2 Audits of Procedures 

Periodic field audits were performed by the project’s assistant site manager or site 
manager throughout the Phase I RFI/RI field program. These audits were conducted to ensure 
strict adherence to the work plan and all applicable technical memoranda, SOPs, and DCNs. 
Field audits also were performed by the EG&G subcontractor [Science Applications International 
Corp. (SAIC)]. Field audit reports were prepared and submitted to the EG&G project manager. 
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Health and safety audits were conducted by EG&G’s Industrial Hygiene department 
throughout the Phase I RFI/RI field program. These audits included review of health and safety 
training records for each individual involved in the field program, and field audits to ensure that 
the project’s health and safety plan was being followed. Results of these audits were transmitted 
to the EG&G project manager. The field site safety officer also conducted health and safety 
audits of all field crews throughout the project. Those audits focused on proper use of field 
instruments and the proper use of personal protective equipment. 

@ 

II.2.7.3 Deficiencies 

Deficiency reports were prepared for incomplete or inaccurate documentation of 
activities, for not following procedures, or for not properly implementing the site health and 
safety plan. As appropriate, corrective actions were undertaken and documented. Appendix 
1I.K includes copies of the deficiency reports and corrective actions. 

11.2.7.4 Data Management 

All field data were managed in strict adherence to SOP F0.02, Transmittal of Field QA 
Records. The data were entered onto floppy disks and transmitted to EG&G in accordance with 
procedures. All procedures for quality control, verification, entry, archiving, and security, as 
specified in SOP F0.14, Field Data Management, were strictly maintained. Appendix 1I.J 
includes copies of Form F0.2A, Field QA Records Transmission Form. for all sampling 
locations. This form lists all pertinent field QA records associated with each particular sampling 
location. 

11.2.7.5 Field Quality Control Samples 

Field QC samples consisted of duplicates and equipment rinseate blanks and were 
obtained for surficial soil samples, borehole samples, and lysimeter pore water samples. 
Although specified in the work plan, no trip blanks or field preservative blanks were collected 
and submitted for analysis per EG&G requirements. Table 7.4 of the Phase I Work Plan 
specifies the field QC sample collection frequency. Section 11.3.6, Quality Assurance/Quality 
Control Results, presents and discusses the numbers of QC samples collected during the Phase 
I RFI/RI. 

0 022l722437t2.WPP 
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The field QC sample collection requirements either duplicates or rinseates were not met 
for any of the borehole, surface soil, or pore water samples. Failure to meet these requirements 
resulted from the field subcontractor to adequately track the number of duplicates or rinseates 
collected. 

0 
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II.3 RESULTS OF THE PHASE I RFYRI e 
Results of the Phase I RFVRI, supplemented with tables and figures summatizing the data, are 
presented in this section including: 

Characterization of the potential sources of contamination associated with the 
original earthen ponds and existing Solar Evaporation Ponds (Section II.3.1); 

* Results of the surfcial soil radiological survey and sampling program including 
random, discrete and borehole surfcial soils (Section II.3.2); 

Results of the vadose zone investigation as described in Technical Memorandum 
No. 1, Vadose Zone Investigation (Section II.3.3); 

* Summaries of the chemical analytical results for subsurface soil and bedrock 
’ (Section II.3.4); 

Geologic investigation results including an assessment of contaminant distribution 
adjacent to the ponds and in the remainder of OU4 (Section II.3.5); and 

* Significant quality assurance/quality control results (Section II.3.6). 

0 For the purposes of evaluating the extensive data and reporting the analytical results collected 
during the Phase I RFURI, a statistical analysis of the data was completed to determine the 
Potential Contaminants of Concern (PCOCs). A detailed description of the statistical procedures 
is presented in Appendix III.A. 

To summarize the procedures described in Appendix III.A., all available data for 
inorganic and radionuclide analytes were statistically evaluated to determine if the RFVRI data 
were significantly different than background data. The comparison process used four unique, 
non-parametric analysis of variance (ANOVA) comparison tests. The tests included comparison 
of maximum RFI/RI observations for an analytes to either a calculated, non-parametric 99% 
upper tolerance limit (UTL) or the maximum background data; the slippage test; the quantile 
test; and, the Gehan test. 

Analytes were classified as PCOCs if they failed one or more of the latter three tests. 
Analyte data sets that contained values greater than the 99% UTL or greater than the maximum 
background by several orders of magnitude were considered PCOCs. The latter scenario was 
a screen for “hot-spot” contamination. Organic chemicals became PCOCs if detections of a 
particular chemical exceeded five percent of the samples analyzed. Tables II.3.2-2 and II.3.4-1 
list the surficial soil and vadose zone PCOCs, respectively. 0 
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II.3.1 Results or" Original and Existing Solar Evaporation Ponds Investigation 

Several investigative activities were conducted to fulfill the OU4 Work Plan objectives 
for characterizing the original and existing SEPs (Section II.2.3). Activities included research 
of historical records, review of aerial photographs and engineering drawings, and field 
investigation activities including visual surveys, radiation surveys, surface and borehole 
geophysics, and sampling and analysis of pond liner, subgrade, .surface soils, and subsurface 
soils. The results from these activities are provided in this section. 

Historical information regarding the ponds is summarized from the 1988 Solar 
Evaporation Ponds Closure Plan (Rockwell, 1988). Descriptions in this report rely primarily 
on the 1988 information; however, this report includes additional information obtained since the 
release of tfie 1988 Solar Evaporation Ponds Closure Plan. An extensive Solar Evaporation 
Pond History Timeline is included in Appendix II.B, in which construction information, potential 
releases, cleanup activities, leakage monitoring, and pond repairs are documented. Figure 
II.3.1-1 graphically presents SEP construction chronology in timeline format. 

II.3.1.1 Original Earthen Ponds 

The investigation of the original SEPs area was designed to characterize the types and 
distribution of contaminants in surficial and subsurface soils, to evaluate the physical features 
and dimensions of the original SEPs, and to identify the presence of pond construction materials 
(clay liner), as well as piping and other equipment that may have been abandoned in place. 

The specific objectives of the Original Ponds, or earthen ponds, investigation were two- 
fold: First, to identify the contaminants present and their spatial distribution, and second, to 
define the boundaries and physical features of the Original Ponds, as well as the presence of 
pond construction materials and associated equipment. The configuration and exact locations 
of the Original Ponds were unclear prior to implementation of the OU4 Final Work Plan. 
Activities completed for the Original Pond investigation indicated the presence of not one, but 
three individual earthen-lined ponds in that area, necessitating the need to change the reference 
from original pond to original earthen ponds. Field activities were emphasized in the 
southernmost earthen pond area (Pond 2-Auxiliary) because SEP 207-C, which currently contains 
fluids and sludges, exists in the general area once occupied by the other two earthen ponds 
(Ponds 2 and 2C). 

II.3-2 



The three earthen ponds are no longer evident in the field, but were constructed near the 
current SEPs during the 1950s. Regrading and removal of the soil and clay liners of the original 
earthen ponds in the 1960s made it difficult to ascertain their exact location and how they may 
have impacted contamination in OU4, although a review of historical documents and aerial 
photographs yielded some information about them. 

0 

The search for residual physical features involved a review of historical information 
related to the Original Ponds and geophysical surveys of the original Pond 2-Auxiliary area. 
The geophysical surveys included borehole geophysics, a ground penqtrating radar survey of the 
area that was originally occupied by Pond 2-Auxiliary, as well as a portion of the sitewide 
seismic refraction survey that was conducted in the area (which was not useful). The Original 
Ponds investigations included drilling and sampling six soil borings. The presence or absence 
of contaminants was documented through chemical analysis of soil and vadose zone pore water. 

I13.1.1.1 Historical Update of Original Earthen Ponds 

The original Solar Evaporation Pond, Pond 2, was constructed in October 1953 (Figure 
II.3.1-1) in the vicinity of present-day SEP 207-C by building dikes and lining the area with 
clay. The location of Pond 2 with respect to the existing SEP 207-C is shown in Figure II.3.1- 
2. The elevation of the pond floor is unknown, but it was reported to be at the Same elevation 
as the surrounding topography (approximately 5,979 feet above mean sea level). Wastes were 
first discharged to Pond 2 in December 1953. Seepage areas were discovered and the pond liner 
was repaired as needed with the addition of more clay. In 1955, plans were made to construct 
SEP 207-A when it became apparent that additional storage would be required for the winter of 
195511956, In September 1955, a second earthen pond was constructed southeast of Pond 2. 

This second pond was designated Pond 2-Auxiliary and was built adjacent to the 
southeastern comer of Pond 2 as shown in Figure 11.3.1-2. Wastes entered Pond 2-Auxiliary 
through a weir at the comer common with Pond 2. Pond 2-Auxiliary was originally unlined, 
but was lined in January 1957 with clay. Routine use of Ponds 2 and 2-Auxiliary ceased in 
August 1956 when Solar Pond 2A (later designated SEP 207-A) was placed in service, but 
limited use of Ponds 2 and 2-Auxiliary continued into the early 1960s. 

A third clay-lined pond was constructed in April 1959 to prevent SEP 207-A from 
overflowing, and to support denitrification experiments pertinent to the SEPs. The 
denitrification experiments continued unsuccessfully until the fall of 1959. This third pond was 
located immediately east of Pond 2 as shown in Figure 11.3.1-2, and was designated either as e 
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Pond 2C or Pond 2D, with existing Pond 2-Auxiliary receiving the remaining designation 
(EG&G, 1992b). The new pond is believed to have been designated Pond 2D, with 2-Auxiliq 
being designated Pond 2C. This convention is used for the remainder of this report. 

@ 

Pond 2-Auxiliary was removed, and the area was regraded in October 1962 in 
anticipation of the construction of Building 779. Analyses of soil from the bottom of Pond 2- 
Auxiliary showed 11,000 to 75,000 disintegrations per minute per kilogram (dpmlkg) of 
radioactive contamination (Hill, 1962a). Contaminated soil from Pond 2-Auxiliary was placed 
in one of the East Trenches on the Rocky Flats Plant site. The clay lining of Pond 2-Auxiliary 
was also removed. Pond 2 and Pond 2D remained in place until 1969 when the area was 
regraded in preparation for construction of SEP 207-C. Soil from the area of the old clay-lined 
pond was possibly used in the construction of SEP 207-C (Rockwell International, 1988). 

II.3.1.1.2 Historical Photo and Engineering Drawing Evaluation 

Aerial Photographs 

An interpretation of a series of historical photographs was completed to further define 
and delineate the location, orientation, and eventual disposition of the earthen-lined ponds in the 
area of the SEPs. (Table 11.2-2 lists the photographs reviewed.) 

A summary of the evaluation of the relevant historical photos (Figures 11.3.1-3 through 
II.3.1-9) follows: 

1954, August Figure II.3.1-3 is an August 1954 aerial photograph of the 
original Pond 2 which appears to be in use. No other 
evidence of disturbed ground is apparent in the vicinity of 
the pond. 

1956, September Figures 11.3.1-4 and II.3.1-5 are two September 1956 ground oblique 
photos. They show the original Pond 2 meeting the northwestern corner 
of Pond 2-Auxiliary, with a recently completed SEP 207-A to the east. 
Both ponds 2 and 2-Auxiliary contain liquid and appear to be in use. 
Their combined length extends as far north and south as SEP 207-A. 

1966, July Figure 11.3.1-6 is a July 1966 aerial photo showing current SEPs 207-A 
and 207-B North, Center, and South, as well as Ponds 2 and 2D, which 
are oriented side-by-side directly west of SEP 207-A. Building 779 is 

e already completed. 
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1969, June e ”  Figure II.3.1-7 is a June 1969 oblique aerial photo showing that 
Ponds 2 and 2D still exist. 

1969, July Figure II.3.1-8 is a July 1969 low-altitude oblique photo. This 
close-up of pond ar& shows construction activity related to the 
regrading of the ground surface around Ponds 2 and 2D underway. 

1970, May Figure II.3.1-9 is a May 1970 low-altitude oblique photo showing 
that Ponds 2 and 2D have been regraded and that SEP 207-C has 
not yet been constructed. 

Engineering Drawings 

The most complete set of engineering drawings for the SEPs are in Appendix 1 to the 
1988 Solar Evaporation Pond Closure Plan (Rockwell, 1988). Of these, there are two which 
specifically detail the original earthen ponds. Figure II.3.1-10 shows the relative locations of 
the Original Ponds and general construction details. The drawing provides a plan view and 
several details of the pond construction design. The drawing is not an as-built. Interior 
dimensions of Pond 2 are 138 ft east-west by 200 feet north-south, as defined by soil berms on 
all sides. The pond was constructed using cut and fill methods, and the elevation of the bottom 
of the pond was 5978.0 ft above mean sea level, approximately equal to the surrounding 
topography. In addition, the drawing reveals that the pond bottom was compacted with a roller, 
and 4 inches of silt or clay were applied. The berms were constructed at a 3 to 1 slope and the 
depth from the bottom of the pond to the top of the berms was 30 inches. Wastes entered the 
pond via pipeline at the southwestern comer of the pond. 

0 

Other engineering drawings reviewed include a 1955 engineering drawing which provides 
the general location of Pond 2 and 2-Auxiliary with respect to SEP 207-A. The drawing is a 
design drawing for the construction of SEP 207-A, and contains few details about Ponds 2 and 
2-Auxiliary. The drawing indicates that Pond 2 and 2-Auxiliary shared not only a common 
comer, but also a significant amount of berm. The configuration of Ponds 2 and 2-Auxiliary as 
shown on this drawing is not substantiated by the aerial photograph review in which only the 
comers of the ponds adjoin (Figure 11.3.1-5). The configuration shown in aerial photographs 
is considered a more accurate record of the history of Ponds 2 and 2-Auxiliary. 

II.3.1.1.3 Ground Penetrating Radar 

The primary objective in using GPR in the original SEP area was to locate the boundaries 
of the Original Ponds and to locate any piping or other fittings not removed at the time the @ 
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ponds themselves were removed. It is apparent from the aerial photo review and engineering 
drawing review that two of the Original Ponds were located in the area of existing SEP 207-C. 
Therefore, the primary objective was modified based on the review of historical information to 
scan the subsurface materials in an attempt to identifjl remains of one of the former cells, Pond 
2-Auxiliary. The GPR survey was therefore conducted in the area south of SEP 207-C and west 
of SEP 207-A, in a limited areal extent of where Pond 2-Auxiliary is known to have existed. 

e 

Profiles were laid out west to east and from north to south in order to obtain 
representative GPR sample responses throughout the area. Buildings, ventilator fans, well 
casings, hydrants, and stored materials prohibited GPR profiling in many areas. Figure II.3.1- 
11 shows the approximate location of the profiles taken. Using a facility drawing of the area, 
GPR line locations were based upon distances from building and area features, like building 
entrance pads and hydrants. Distances along the GPR profiles were paced-off as the survey was 
conducted. Known or estimated depths of water lines could serve to establish the depth of GPR 
penetration. Using a 300-MHz antenna, the maximum depth of the investigation was estimated 
to be approximately 10 feet. 

Figure II.3.1-12 shows thesinterpreted results of the Original Pond survey using the 300- 
MHz antenna. The amount of subsurface and surface cultural obstacles hindered or masked 
detection of the Original Pond. A circular anomaly of unknown origin, approximately 35 feet 
in diameter adjacent to Building 779, was detected on three GPR profdes. Other GPR anomalies 
confmed the location of several pipes and trenches shown on facility drawings. GPR anomalies 
occurring approximately 10 feet away from the facility drawing location of six process waste 
lines may indicate a drafting error in facility drawings. The interpretation also identified non- 
documented trenches and pipes which may serve as a contaminant pathway. Figures II.3.1-13 
and II.3.1-14 are colorenhanced profiles of GPR lines 1 and 5, respectively. Selected anomalies 
are identified on each profile which are representative of features interpreted from the survey 
of the original SEPs area. 

* 

II.3.1.1.4 Subsurface Investigation 

Unconsolidated materials in the area corresponding to the suspected loation of the 
original earthen ponds were investigated by drilling boreholes to: provide information on soil 
chemistry in near-surface and subsurface soils, identify old clay liner material (if present), 
provide information on depth to ground water, and provide information on weathered bedrock 
underlying the Original Ponds. e 
lE2liZ437/12.WPP 
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Six boreholes (Figure II.3.1-15) were drilled during the Phase I RFI/RI drilling program 
in areas suspected to be within the historical location of the original earthen ponds as identified 
from the historical data review. This represented in increase in the scope of the investigation 
from that stated in the work plan by increasing the number of boreholes from four to six, the 
rationale for which was presented in TM2. Four boreholes were drilled specifically to 
investigate the presence of remnants of the original earthen ponds (40993, 41993, 42893, and 
43593), and two other boreholes, one of which was relocated from within SEP 207-C (42393) 
and another which was initially considered an "around ponds" borehole (42993), provide 
information on the Original Pond area. brings  41993 and 42393 were completed adjacent to 
the western edge of SEP 207-C in the historical location of Pond 2. brings 40993 and 42993 
were completed adjacent to the northwestern and southeastern corners of Pond 2D, respectively. 
Borings 42893 and 43593 were completed within the historical Pond 2-Auxiliary. Three of these 
boreholes, 41993, 42993, and 43593, were completed as piezometers to collect alluvial ground 
water elevation data. Two of the boreholes (40993 and 42893) were completed as vadose zone 
monitoring locations, and lysimeters and neutron access tubes were installed. Physical property 
analyses were conducted on samples from boreholes 40993 and 42893. Borehole geophysical 
measurements were made in borehole 42993. 

@ 

As previously mentioned, boreholes 41993 and 42393 were completed adjacent to the 
western edge of SEP 207-C and adjacent to the historical location of Pond 2. This conclusion 
is based on aerial photo interpretation (Figure II.3.1-8) and field observations during the Phase 
I RFI/RI drilling program. Figure II.3.1-8 (July 1969 Regrading of Ponds 2 and 2B) shows a 
dirt road and what appears to be a trench between the western edge of Pond 2 and the north- 
south trending fence just west of Pond 2. At this time, only a single-lane dirt road is present 
between the western edge of SEP 207-C and the fence. Boreholes 41993 and 42393 are 
approximately 10 and 12 feet east of the fence, respectively. The assumption that boreholes 
41993 and 42393 are completed adjacent to the historical location of Pond 2 is based solely on 
the north-south trending fence (reference point), west of the SEP 207-C, which is presumed to 
have remained in existence since the time that Pond 2 was in operation and the present day. 
Boreholes 40993 and 42993 were completed adjacent to the northwestern and southwestern 
corners of Pond 2D, respectively. 

Examination and detailed logging of the soil cores recovered during drilling indicated that 
subsurface soils consist predominantly of sandy gravel with some silt and clay. Logs of the soil 
cores did not indicate that the borings were from fill material; however, there was other 
evidence suggestive of the historical compacted clay or silt liner. Vertical, clay-filled fractures 
were observed in cores from borehole 41993, and the Atterberg Limits tests of samples from a 
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borehole 42893 indicated the presence of plastic clays that were markedly different from clays 
typically found in the Rocky Flats Alluvium. @ ' 

The gravel fraction found in the alluvium is generally well-graded and consisted 
predominately of angular to sub-rounded clasts of blue-gray quartzite that range from 20 to 85 
percent by volume. The sand fraction consists of fine-to coarse-grained, angular to sub-rounded 
quartz which ranged from 7 to 48 percent by volume. Figures II.3.5-8 and II.3.5-10, presented 
and discussed in Section 11.3.5, show detailed subsurface lithology in the Original Ponds area. 

The subcropping bedrock lithologies encountered in the Pond 2,2B, and 2-Auxiliary area 
consisted of clay stone, silty sandstone, sandy clay stone, and silty claystone. Claystone bedrock 
was encountered at depths ranging from 7.0 feet below grade at borehole 43593 to 12.9 feet 
below grade at borehole 42993. Silty claystone bedrock was observed at approximately 7.2 feet 
below grade in borehole 42893 located in the suspected central portion of Pond 2-Auxiliary. 
The claystone bedrock consists predominantly of light gray to brown, very fine to fine-grained, 
slightly calcareous claystone that does not contain any visible bedding. Silty claystone was 
observed in borehole 42993, located in the suspected southeastern portion of Pond 2-D, at 12.9 
feet below grade. 

A silty sandstone subcropping unit was encountered in boreholes 40993, 41993, and 
42393. The silty sandstone was observed at approximately 9.7 (40993), 7.6 (41993), and 8.1 
(42393) feet below grade. The sandstone unit encountered in borehole 40993, located north of 
SEP 207-C, contained interbedded claystone lenses approximately 0.3 to 1.0 feet thick from 9.7 
to 27.6 feet below grade. Claystone was encountered from 27.6 to a total depth of 34.5 feet 
below grade. The silty sandstone unit encountered in borehole 41993, located west of SEP 207- 
C, was present from 7.6 to 15.5 feet below grade. A silty claystone was observed below that 
from 15.5 to a total depth of 20.0 feet below grade. The sandstone unit encountered in borehole 
42393, located west of SEP 207-C, was present at approximately 8.1 to 14.0 feet below grade. 
Claystone bedrock was observed from 14.0 to a total depth of 15.1 feet below grade. The 
sandstone is light gray to brownish yellow, well-rounded, very fine-to-fine-grained quartz with 
some clay and silt. The sandstone contained argillaceous cement and horizontal bedding. 

Ground water was encountered in borehole 42993 at 10.9 feet below grade during 
drilling; however, it was not encountered in boreholes 42893 and 43593. Ground water was 
encountered at 26.3 feet below grade in borehole 40993 and at 7.8 feet below grade in borehole 
41993 during drilling. Ground water also was observed during drilling at a depth of 4.3 feet 
below grade in borehole 42393. The ground water levels found during drilling are only 0 



indicative of the relative permeabilities of the subsurface materials at each particular borehole, 
and frequently have little bearing on static water levels at those locations. e 

Little of the visually observed subsurface material was considered indicative of remnants 
of the original earthen ponds, which is consistent with historical records indicating that the liners 
were removed or regraded. The subsurface materials appeared to be relatively uniform 
throughout the area, with the exception of vertical clay-filled fractures in borehole 40993 and 
the presence of plastic clays in borehole 42893, as previously noted. The analytical results of 
soil and bedrock samples are presented and discussed in Section II.3.4, Subsurface Soil and 
Bedrock Chemical Analytical Results. 

n.3.1.2 Existing Solar Evaporation Ponds Investigation Results 

Activities conducted at SEPs 207-A, 207-B Center, and 207-B North to meet the 
objectives of the Phase I RFI/RI Work Plan included visual surveys of the liners, alpha and 
betalgamma radiation surveys of the pond liners, ground penetrating radar, liner and subgrade 
sampling and analysis, and subsurface sampling and analysis. Results from these activities are 
presented in this section and in Section 11.3.4, Subsurface Soil and Bedrock Chemical Analytical 
Results. e 

The objectives of the visual liner surveys as stated in the Phase I Work Plan were to 
identify cracks or liner breaches and to locate boreholes both in areas where the liner integrity 
was questionable and in areas where the liner appeared intact. The purpose for locating 
boreholes in these respective areas was to evaluate whether the observable breaches in the liners 
allowed for leakage of pond fluids. 

The liner inspections were conducted in SEP 207-A on two separate occasions: on 
December 9, 1992, and again on-February 26, 1993. On December 9, 1992 approximately two- 
thirds of the liner was exposed for visual inspection. The northeastern one-third of the SEP was 
covered with ice and snow. On February 26, 1993 the pond liner was inspected after the ice 
and snow-covered ice had melted. The area in the northeastern edge of the pond surrounding 
the sump was observed to have standing water approximately 4 inches deep. 

Results of the visual surveys are depicted on Figure 11.3.1-16. Figure 11.3.1-16 is a 
sketch of the pond which includes approximate locations of cracks, breached, or bubbled areas, a 
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and vantage points from which photographs were taken. Photographs, as well as the complete 
visual inspection report, are included in Appendix 1I.D. @ 

The uppermost layer of pond liner material was observed to be extensively cracked and 
otherwise deteriorated throughout most of the inspected area. The northeastern one-third of the 
pond h e r  exhibited the least amount of cracking and bubbling, and the western and southern 
two-thirds of the pond liner and berm slopes exhibited the most extensive cracking and bubbling. 
Bubbles and cracking in the liner are believed to be caused by thermal/ultraviolet deterioration 
during periods when the liner was exposed. Several long continuous cracks were observed in 
the liner, which had deterioratqi, causing localized widening and exposing significant portions 
of the underlying liner. Some of the cracks contained soil and gravelly material, perhaps 
entrapped in the liner and unable to be removed during the sludge cleaning operation. It could 
not be visually determined if the soil and gravelly material were indicative of full liner breaches. 

Visual observations of the SEP 207-A liner did not allow conclusive identification of 
obvious liner breaches because it was unable to be determined if observed cracks extended 
through the underlying asphaltic concrete. The visual results were therefore compared to results 
from a pilot geophysical study using ground penetrating radar technology. As further discussed 
later in this section, the 900 MHz antenna aided the evaluation of breaches or cracks through 
the liner. The visual survey confirmed that the liner has deteriorated and cracked areas are 
present. 

0 

Based on the visual and geophysical survey, three boreholes were located in areas 
displaying the most damaged liner, and three boreholes were located in areas where the liner was 
considered to be relatively intact. Boreholes 42193, 43393, and 43693 were located in areas 
where liner cracks were observed. Boreholes 41593, 42493, and 42593 were located in areas 
of relatively intact liner. The resulting borehole locations in SEP 207-A are shown in Figure 
II.3.1-16. Documentation of the borehole location changes was included in TM2. 

Visual inspections of the 207-B Center and 207-B North SEPs asphaltic liners were 
conducted on September 1 ,  1993. As with the SEP 207-A inspection, these visual inspections 
were conducted by walking around the perimeter of the ponds and on the pond floor, taking 
photographs of selected features, and making a map showing the approximate locations of 
pertinent features. Figures 11.3.1-17 and 11.3.1-18 are sketches showing the results of the visual 
inspections. Appendix 1I.D includes more detailed reports of the surveys and includes the 
photographs documenting liner conditions at the time of the survey. e 
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The liners on both SEP 207-B Center and 207-B are in deteriorated conditions. The liner 
surfaces are rough and irregular. Tar tack coats, originally applied as seals over asphaltic 
concrete, are missing from most areas of the pond floors. A pattern of thin, shallow cracks is 
typically present on areas of bare asphaltic concrete where the tar tack coat is missing. Where 
the tar tack coat is present, the liner surface is typically rough and irregular and no longer 
smooth. 

@ 

Several potential breaches in the liners were noted during the initial inspection and during 
subsequent trips into the SEPs. Potential liner breaches were noted on the pond floor where 
cobbles are pressed down into the asphaltic concrete. Borehole 46693 in SEP 207-B North was 
located next to a cobble pressed into the liner. A circular hole approximately 4 inches 'in 
diameter was noted in the extreme southwestern corner of SEP 207-B North, near the drain pipe, 
on November 4, 1993. Borehole 46593 is located 
approximately 40 feet northeast of this hole. 

The depth of this hole is unknown. 

Potential liner breaches on the berm slopes were noted in both ponds; however the SEP 
207-B Center berm slopes are more extensively cracked than the SEP 207-B North berm slopes. 
The berm slopes on both ponds appear to have a more recently installed fabric material and tar 
tack coat. The berms of SEP 207-B Center are in a deteriorated condition with numerous 
obvious cracks that extend down to soil. Weeds are growing either in or through many of the 
cracks in the berms, as documented in the photographs presented in Appendix 1I.D. 

@ 

II.3.1.2.2 Radiological Surveys of the SEPs 

Alpha, beta, and gamma radiological surveys were conducted at the existing SEPs 
following the methodologies previously described in Section 11.2.3.2. These surveys were 
conducted to determine the radiological characteristics of the SEP liners. 

SEP 207-A 

Alpha and beta radioactivity survey data obtained within SEP 207-A are presented in 
Table II.3.1-1. For any given survey point, both alpha and beta smear counts were obtained 
from the same smear paper and recorded on the field form. The alpha survey consisted of 
collection of two types of alpha measurements, one for total alpha activity for the selected 
medium, and one for the removable alpha radioactivity on the media surface. Subtraction of the 
two values provides the quantity of fixed alpha radioactivity, or that bound into the media. The 
first measurement was an instrument scan of the grid square for total alpha activity. Instrument 



TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

1A 

1B 

I C  

1D 

fE 

1F 

1G 

1H 

2H 

2G 

2F 

2E 

2D 

2c 

2B 

TBL-3 1-1 . W q l  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

300 
300 
400 
350 
500 
500 

<250 
<250 
<250 
<250 
250 
500 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 

400 
e250 

300 
<250 

300 
<250 
<250 
<250 
<250 

500 
500 

1000 
500 

<250 
600 

e250 
250 
250 
500 

c 250 
1 300 

300 
<250 

250 
500 

<250 

<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<BO 
<250 
<250 
e250 
e250 
<250 
e250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
c250 

II.3-12 

0 
3 
3 
0 
3 
0 
0 
0 
3 
3 
0 
0 
3 
0 
6 
3 
0 
0 
0 
6 
0 
6 
0 
3 
3 
0 
3 
3 
0 
3 
3 
6 
6 
3 
6 
9 
3 
3 
0 
0 
3 
6 
0 
6 

108 
0 

24 
0 
3 
3 
0 
0 
0 

21 
33 
33 
0 
0 
3 

12 
45 
0 
0 
0 

27 
0 
0 
0 

33 
0 
0 
0 

33 
9 
0 
3 
0 
0 
0 

15 
0 
0 

27 
0 
0 
6 
6 

24 
0 
3 

45 
18 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

2A 

3A 

3B 

3c 

3D 

3E 

3F 

3G 

3H 

4H 

4G 

4F 

4E 

4D 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

<250 
600 

<250 
<250 
<250 
<250 
<250 
e250 
4 5 0  
<250 
<250 
<250 

800 
800 
800 

<250 
500 

<250 
300 

<250 
e250 
<250 
<250 

600 
<250 
<250 
< S O  
<250 

500 
<250 
<250 

500 
500 

<250 
<250 
<250 

500 
<250 

500 
<250 

500 
e250 
<250 
<250 
<250 
<250 

<250 
<BO 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
450' 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
< 250 
<250 
< 250 
<250 
<250 
<BO 
<250 
e250 
<250 
<250 
<250 
<250 
<250 

3 
9 
6 
9 
0 
0 
0 
0 
18 
0 
15 
12 
12 
6 
0 
0 
3 
0 
6 
3 
0 
3 
3 
0 
3 
0 
3 
0 
0 
9 
6 
0 
6 
3 
0 
3 
3 
0 
3 
9 
0 
9 
9 
3 
0 
9 

0 
18 
48 

6 
0 
0 
0 
0 

36 
9 
0 

27 
0 
0 

30 
0 
0 
0 
6 
0 

42 
0 

27 
0 

27 
12 
18 
0 

15 
9 

18 
0 
0 
0 
3 

24 
0 
6 
0 
0 
0 

27 
9 

15 
0 
0 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

4 c  

4B 

4A 

SA  

5B 

5C 

5D 

5E 

5F 

5G 

5H 

6H 

6G 

6F 

6E 

93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 

<250 
<250 
<250 
<250 

300 
<250 
<250 

300 
4 5 0  

300 
<250 

700 
e250 
<250 
e250 
<250 
<250 

500 
<250 
<250 
<250 
<250 
<250 
4 5 0  
<250 

300 
<250 

300 
<250 
<250 

500 
<250 
<250 
<250 
<250 
e250 
<250 
<250 

300 
1000 
300 
750 
500 
400 
300 
300 

~ 2 5 0  
4.50 
< 250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
< 250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
~ 2 5 0  
<250 

12 
6 
0 
3 
0 
9 
6 
6 
0 
3 
0 
3 
3 
0 
3 
3 
6 
3 
0 
0 
15 
0 
0 
3 
6 
0 
0 
3 
0 
6 
6 
0 
6 
3 
3 
0 
3 
6 
0 
6 
12 
3 
6 
0 
6 
0 

0 
0 
0 
0 
3 
3 
0 
3 
0 
0 
0 

36 
0 
9 

18 
0 

12 
18 
0 
6 
0 

30 
0 

12 
0 

12 
0 
0 
0 
0 
9 

21 
3 

12 
0 
3 

12 
0 
0 

21 
15 
6 

15 
6 

36 
0 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

6D 

6C 

6B 

6A 

7H 

7G 

7F 

7E 

7D 

7 c  

7B 

7A 

8A 

8B 

8C 

139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 

300 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 

500 
1000 
750 
500 
500 
500 
300 
300 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 

700 
700 
700 

c250 
<250 
<250 
e250 
<250 
< 250 
<250 
<250 
<250 

<250 
<250 
<250 
<250 
< S O  
<250 
e250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
e250 
<EO 
<250 
<250 
<250 
e250 
< S O  
<250 
< S O  
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
< 250 
e250 

3 
3 
0 
3 
3 
6 
0 
3 
6 
3 
3 
0 
0 
3 
0 
0 
15 
6 
3 
3 
9 
0 
0 
3 
3 
0 
0 
3 
3 
12 
0 
0 
6 
6 
0 
6 
3 
0 
6 
0 
0 
3 
0 
0 
9 
6 

0 
0 
0 

42 
3 
3 

33 
0 
0 

36 
27 
12 
0 
0 
0 
0 
0 
0 
0 
0 
3 
9 
6 
0 
0 
0 
0 
3 

24 
0 
0 
0 
0 
3 
0 
0 
0 
9 
0 
6 
0 
3 
0 
0 
0 

45 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

8D 

8E 

8F 

8G 

8H 

9H 

9G 

9F 

9E 

9D 

9 c  

9B 

9A 

1OA 

10B 

1 oc 

TBL-3 1- 1 .wql 

185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

<250 
<250 
e250 
e250 

300 
300 
300 
500 
500 
500 
500 
500 
<BO 
<250 
<250 
<250 
<250 
<BO 

500 
699 
600 
500 
750 
500 
500 
500 
500 

<250 
<250 
<250 
C250 
C250 
C250 
C250 
C250 
<250 
<250 
C250 
C250 
C250 
C250 
C250 
<250 
<250 
<250 
C250 

<250 
<250 
c250 
<250 
<250 
<BO 
<250 
<250 
<250 
<BO 
e250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<BO 
<250 
<250 
<250 
<250 
<BO 
<250 
<250 
<250 
c250 
<250 
c250 
<250 
c250 
<250 
4 5 0  
<250 
<250 
<250 
<250 
4 5 0  
<250 
<250 
c250 
<250 
<250 

0 
6 
0 
0 
0 
6 
12 
12 
9 
12 
12 
3 
0 
3 
18 
3 
3 
0 
3 

30 
3 
30 
15 
3 
18 
3 
0 
9 
9 
3 
3 
15 
12 
12 
6 
6 
0 
0 
12 
3 
3 
6 
9 
6 
3 
15 

11.3-16 

21 
0 
6 
0 
0 
0 

18 
0 
6 
0 
0 

18 
0 
0 
0 
0 
0 
0 

24 
36 
0 
0 

24 
39 
12 
0 
0 
0 
0 

30 
0 
0 
3 
0 

30 
0 
6 
0 
0 
0 
0 

21 
6 
0 
0 
0 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

1OD 

1OE 

10F 

10G 

1OH 

11H 

11G 

11F 

11E 

11D 

11c 

f1B 

11A 

12A 

12B 

231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
26 1 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 

c250 
C250 
c250 
c250 
C250 
<250 
c250 
c250 
1500 
500 

1500 
800 

1500 
1500 

C250 
C250 
C250 
C250 
c250 
C250 
c250 
C250 
c250 
C250 
c250 
C250 
C250 
C250 
C250 
C250 
C250 
4.50 
C250 
c250 
C250 

250 
250 
250 
500 
750 
250 
500 
500 
500 
250 
250 

C250 
C250 
c250 
C250 
C250 
C250 
c250 
c250 
C250 
C250 
C250 
C250 
c250 
C250 
C250 
C250 
c250 
C250 
c250 
c250 
C250 
C250 
C250 
c250 
C250 
c250 
c250 
c250 
c250 
c250 
C250 
c250 
c250 
4 5 0  
C250 
c250 
c250 
c250 
C250 
c250 
c250 
c250 
C250 
c250 
c250 
c250 

15 
9 

21 
6 
3 
3 
6 
6 
9 
3 
21 
15 
60 
45 
3 
3 
3 
3 
3 
0 
6 

90 
36 
21 
39 
18 
12 
12 
6 
9 
0 
12 
6 
12 
9 
15 
6 
3 
12 
6 
15 
6 
0 
24 
0 
9 

0 
0 

18 
0 -  

42 
0 
0 
6 

21 
3 
0 
0 
0 
0 
0 
0 
0 

21 
0 
6 
6 
0 

36 
27 
0 
0 
0 
0 

21 
9 
0 

18 
24 
0 

30 
18 
0 
0 
6 
0 
0 

42 
6 
0 

18 
0 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

12c 

12D 

12E 

12F 

12G 

12H 

13H 

13G 

13F 

l3E 

13D 

13C 

13B 

13A 

14A 

277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
29 1 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 

250 
< 250 
<250 
<250 
<250 
<250 
<250 
<250 
< S O  
<250 
<BO 
<250 
<250 
<BO 
<250 
<250 
<250 
<250 
<250 
<BO 
<250 
<250 
<250 
<BO 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<BO 
<250 
<250 
<BO 
<250 
<250 
<250 
<250 
<250 

500 
500 
500 

<250 
<250 
<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
< 250 
c250 
<250 
<BO 
e250 
c250 
c250 
<250 
<250 
c250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
4 5 0  
<250 
<250 
<250 
<250 
c250 
e250 
<250 
<250 
e250 
<250 
<250 
<250 
<BO 
<250 
<250 
<250 
<250 
<250 

3 
9 
0 
15 
6 
6 
9 
18 
6 
24 
36 
18 
45 
99 
9 
6 
63 
0 
3 
6 
3 
0 
3 .  
15 
6 
12 
39 
54 
18 
9 
27 
36 
11 
6 
12 
3 
66 
33 
6 
12 
0 
3 
0 
3 
6 
0 

0 
36 
6 
0 

48 
21 
0 

45 
0 
0 
0 
0 

12 
0 
0 

33 
0 
9 

48 
0 
0 
3 

33 
0 
0 

33 
0 

15 
3 

57 
3 

39 
12 
9 
9 

24 
12 
12 
0 
3 
0 
0 
15 
27 
0 
0 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

14B 

14C 

14D 

14E 

14F 

1 4 6  

14H 

15H 

1 5 6  

15F 

15E 

15D 

15C 

15B 

15A 

16A 

323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
35 1 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 

<250 
<250 
<250 
<250 
<250 

500 
500 
500 
500 
500 
500 
500 
300 

<250 
e250 
<250 
250 
250 
250 

<250 
<250 
e250 
c250 
2500 
2500 
2500 
1000 
1500 
800 

1500 
1500 
1500 
800 
750 
250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 

<250 
<250 
<BO 
<250 
<250 
<250 
<250 
<250 
c250 
<250 
<250 
4 5 0  
<250 
<250 
<BO 
<BO 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
c250 
c250 
<250 
c250 
<250 
<250 
<250 
<250 
<250 
c250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
< 250 

3 
3 
6 
3 
15 
12 
21 
30 
6 
15 
42 
48 
9 

33 
9 
6 

48 
9 
1 

26 
30 
3 
3 
0 
15 
6 
3 
9 
9 
12 
39 
42 
24 
54 
36 
21 
15 
18 
6 
12 
6 
9 
3 
3 
9 
0 

63 
9 
0 

15 
0 
3 
9 
6 
3 

33 
0 
9 
9 
0 
6 
6 
0 

30 
0 
0 
0 
0 
0 

18 
45 
0 

21 
12 
0 
0 
0 

12 
0 
0 
0 

39 
18 
3 

51 
60 
24 

0 
42 
0 

21 
21 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

17A 

17I3 

16B 

16C 

17C 

17D 

16D 

16E 

17E 

17F 

16F 

16G 

17G 

17H 

16H 

369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
38 1 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 

<250 
<250 
<250 
e250 
<250 
4 5 0  
e250 
e250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 

400 
500 

1500 
1000 
1000 

<250 
<250 
<250 
<250 
<250 
<BO 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<BO 
<250 
<250 
<250 
<250 
<250 
<250 
4 5 0  
<250 
< 250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

11.3-20 

0 
9 
9 
0 
6 
0 
6 
0 
6 
9 
0 
9 
0 
0 
3 
0 
3 
6 
3 
6 
0 
0 
3 

45 
60 
33 
3 
3 
0 
6 
0 
0 
9 
3 
0 
21 
9 
6 
9 
6 
0 
0 
0 
3 
6 
0 

0 
0 
3 
0 
3 
0 
0 
0 

24 
0 

12 
9 
3 
3 
6 

15 
15 
0 
9 
0 

57 
0 
9 
0 

24 
0 

. 3  
0 
0 
0 

15 
0 

24 
0 

15 
12 
12 
6 
0 
0 
0 
9 
0 

12 
0 
0 
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TABLE 11.3.1-1 

SEP 207-A ALPHA AND BETA RADIATION SURVEY DATA 

Alpha 
Swipe 

( C P 4  - 
C250 
c250 
c250 
c250 
C250 
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readings less than 250 counts per minute (cpm) are considered to be below action limits specified 
in the EG&G Environmental Management Radiological Guideline (EMRG) 3.1. The locations 
where instrument readings were above 250 cpm, and therefore above EG&G action levels, were 
near the southern edge of the pond, the eastem-central portion of the pond, the western area near 
the old clarifier, and in the northeastern region close to the sump. Figure 11.3.1-19 shows the 
results of the total alpha activity measurements from SEP 207-A. 

e 

Removable alpha radioactivity was measured using swipe and smear sampling procedures, 
the results of which are shown on Figure II.3.1-20. The NRC has established 20 disintegrations 
per minute (dpm) per 100 cm2 as the limit for acceptable surface contamination levels for 
removable contamination from transuranic elements (Pu-239/240 and Am-24 1) when considering 
the unrestricted release of facilities or equipment. The survey points where this limit was 
exceeded are located primarily in the northwestern quadrant of the pond, although one isolated 
reading in the southwestern portion of the pond exceeded the limit. 

Removable beta radioactivity data were also obtained and were compared to NRC 
guidelines. These guidelines establish 1,OOO dpm/100 cm2 as the limit for acceptable surface 
contamination levels for removable contamination resulting from beta-gamma emitters when 
considering the unrestricted release of facilities or equipment. If strontium-90 (Sr-90) is known 
to be present, the limit is 200 dpm/100 cm2. All SEP 207-A beta readings were below the more 
stringent limit of 200 dpm/100 cm2 and ranged from 0 to 63 dpm/100 cm2. The majority of 
beta measurements (219 out of 419 - 52%) were equal to zero. The gamma survey results fiwn 
SEP 207-A are presented in Table II.3.1-2. Because the data were obtained from SJP 207-A 
and did not include background readings, an action level for the SEP 207-A survey was derived 
from standard RFP practice and from RFP EMRG 6.6. Using calculation procedures in EMRG 
6.6, anomalous values can be computed from the instrument checkpoint reading plus two times 
the square root of the instrument checkpoint. Readings above 3,618 cpm were therefore 
considered anomalous. FIDLER readings for the SEP 207-A survey are shown in Figure 11.3.1- 
21. Survey readings higher than 3,618 cpm occur primarily in the southern half of the pond and 
near the sump in the northeastern comer. The highest relative readings are located in the 
extreme southwestern corner of the pond. Interpretation of these results indicates that 57 percent 
(77 of 136) of the 100 m2 grid areas contain anomalous readings that are characterized by 
gamma emissions exceeding the calculated background. 

0 
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TABLE 113.1-2 

SEP 207-A GAMMA (FIDLER) RADIATION SURVEY RESULTS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

. 13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

TBL-3 1-2.wqt 

34374 
9624 
4989 
4386 
4326 
8296 
9283 
8619 
4223 
3882 
4736 
4000 
4084 
3808 
4714 

13642 
8573 
5129 
3098 
3029 
3053 
2935 
2976 
3958 

27334 
4060 
3896 
3702 
3696 
3748 
3949 
5257 
4602 
3179 
3104 
2625 
2976 
2848 
3227 
3958 
5196 
3709 
3777 
3902 
3849 
3707 
4165 
4164 
4224 
3195 
3687 
3018 
3933 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

11.3-23 

3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
36t8 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
361 8 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 

30756 
6006 
1371 
768 
708 

4678 
5665 
5001 
605 
264 

1118 
382 
466 
190 

1096 
10024 
4955 
1511 
-520 
-589 
-565 
-683 
-642 
340 

23716 
442 
278 

84 
78 

130 
331 

1639 
984 

-439 
-514 
-993 
-642 ' 

-770 
-391 
340 

1578 
91 

159 
284 
23 1 

89 
547 
546 
606 

69 

315 

-423 

-600 
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TABLE 113.1-2 

SEP 207-A GAMMA (FIDLER) RADIATION SURVEY RESULTS 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

. 66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
1 05 
106 

TBL-3 1 -2.wql 

3288 
3725 

14441 
5058 
3244 
2691 
3415 
5731 
4822 
4165 
3298 
4307 
3244 
3374 
3255 
3191 
3281 
3714 
3976 
4736 
3332 
3822 
3119 
3108 
3741 
6539 
3938 
4164 
5548 
3375 
3091 
3291 
3217 
3379 
5470 
3533 
3481 
3348 
3498 
3566 
5483 
5131 
4460 
3627 
3936 
4621 
3744 
3605 
3373 
3576 
3217 
3225 
3768 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

11.3-24 

3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 

-330 
107 

10823 
1440 
-374 
-927 
-203 
2113 
1204 
547 

-320 
689 

-374 
-244 
-363 
-427 
-337 

96 
358 

1118 
-286 
204 

-499 
-510 
123 

2921 
320 
546 

1930 
-243 
-527 
-327 
-401 
-239 
1852 

-85 
-137 
-270 
-120 
-52 

1865 
1513 
842 

9 
318 

1003 
126 
-13 

-245 
-42 

-401 
-393 
150 
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TABLE II3.1-2 

107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 

. 119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 

3802 
2875 
5197 
3244 
3374 
3255 
3949 
2730 
2860 
3891 
4611 
4496 
5805 
4041 
3519 
4023 
2814 
3320 
,3873 
3533 
3737 
3590 
4265 
3534 
3683 
3488 
3366 
3463 
3869 
3931 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 

184 
-743 
1579 
-374 
-244 
-363 
331 

-888 
-758 
273 
993 
878 

2187 
423 
-99 
405 

-804 
-298 
255 
-85 
119 
-28 
647 
-84 
65 

-130 
-252 
-15s 
251 
313 

POND 207-A FIDLER BACKGROUND CALCULATION 
The counts are gross cpm. The FIDLER background calculation 
is based on standard RFP practice and EMRG 6.6 

B = FIDLER Background 
B = Bo + (2*sqrt(Bo)) 
B = 3500 + 2*59 = 3618 

Bo = FIDLER Checkpoint Reading 
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SEP 207-B Center 

Table II.3.1-3 presents the results of the radiological surveys of SEP 207-B Center. 
Figure II.3.1-22 presents the results of the direct alpha radiation activity survey conducted in 
SEP 207-B Center. The survey records are included in Appendix 1I.E. The majority of the 
direct alpha readings are below the minimum detectable activity (250 cpm) of the instrument 
used to perform the surveys. Of the direct alpha readings that are above or at the lower limit 
of detection, the readings range from 250 to 800 cpm. In this instance, the majority of the 
higher readings are located in the northeastern section of the pond. 

Figure II.3.1-23 presents the results of the removable (smear) alpha contamination 
survey. The field records are included in Appendix 1I.E. The alpha contamination results for 
SEP 207-B Center range from 0-24 dpm/100 cm2. The contamination results are slightly higher 
in the western half of the pond, with sporadic results up to 15 dpm/100 cn? elsewhere. The 
highest detection (24 dpm/l00 cm2) is located approximately 32.5 feet east and 27.5 feet north 
of the southwestern comer of the pond. 

Figures 11.3.1-24 and 11.3.1-25 present the results for the direct beta radiation survey and 
removable (smear) beta contamination survey in SEP 207-B Center. The field records for the 
SEP 207-B Center surveys are included in Appendix 1I.E. 

a 
The majority of the direct beta readings are below the lower limit of detection (100 cpm) 

of the instrument used to perform the surveys. Of the direct beta readings that are above or at 
the lower limit of detection, the readings range from 100 to 500 cpm with one major exception - 
a single hot spot with a reading of 6,000 cpm located in the southwestern corner of SEP 207-B 

Center. This anomaly could be a result of the contribution from the contaminated drain pipe or 
of a "hot particle" located within the asphalt matrix. The higher direct survey readings have a 
slight tendency to be on the western side of the pond. 

The beta contamination (smear) results for SEP 207-B Center range from 0 to 111 
dpm/100 cm2. The majority of the detections, particularly the higher values, are located on the 
western half of the pond, with sporadic detections elsewhere. If a hot particle is the explanation 
for this direct survey result, then it is probably located within the asphalt matrix, and therefore 
not loose, as the contamination result for that location is only 48 dpm/100 c d .  As with the 

11.3-26 
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TABLE 11.3.1-3 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Grid 
Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

. 31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

Alpha 
countdmin 

Direct 
---------------_- 

< 250 
250 

< 250 
250 

< 250 
< 250 
< 250 

250 
< 250 
< 250 
a 250 
c 250 
C 250 
c 250 
c 250 
c 250 
c 250 
a 250 

300 
c 250 

250 
a 250 
-e 250 
< 250 
< 250 

250 
< 250 
< 250 
< 250 
< 250 

250 
c 250 
a 250 
< 250 
c 250 

250 
c 250 
a 250 
<: 250 
c 250 
< 250 
a 250 
< 250 
c 250 

250 

6 250 

Alpha Beta 
dpm/100cm2 Beta dpm/tOOcm2 
Removable counts/mi Removable 

(Smear) Direct (Smear) 
---_------------- -_--_-___-_- __-----_--__-_-_- 

9 6000 48 
3 150 46 

12 150 61 
6 140 70 
9 120 50 

12 150 54 
3 150 60 

12 150 100 
6 100 40 
6 250 43 
6 350 45 
3 100 111 
3 100 66 

15 150 43 
3 180 46 
9 160 69 
6 200 44 
3 150 34 
3 180 40 
6 160 42 
3 200 28 
3 150 48 
3 180 64 
0 200 50 
3 200 38 
0 180 51 
0 200 37 
0 200 36 
3 220 47 
3 350 80 
0 150 36 
0 250 26 
0 180 60 
0 200 55 
6 250 64 
3 200 72 
0 150 48 
3 250 70 
0 350 36 
3 300 50 
0 200 44 

12 150 36 
0 100 38 
3 200 69 
3 150 50 
0 300 48 

Gamma 
Background 

1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

. 1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

---_---_--------- 

Gamma 
counts/min 

Meter 
----------------- 

5000 
3000 
3000 
2500 
3000 
2500 
2000 
3000 
3000 
3000 
3000 
2500 
2000 
3000 
2500 
3000 
3000 
2500 
2500 
3000 
2500 
2500 
2500 
2500 
2500 
2500 
3000 
2500 
2500 
2500 
3000 
2000 
3000 
2500 
25 00 
2500 
2000 
3000 
2000 
2500 
3000 
25 00 
25 00 
3000 
2500 
2500 

Scaler 
-------------- 

4674 
2566 
2607 
2323 
2707 
2462 
2200 
2540 
2563 
2605 
2921 
2389 
2121 
2847 
2518 
3045 
2689 
2159 
2420 
2647 
2479 
2315 
2404 
2340 
233 1 
2365 
2616 
2294 
2399 
2436 
2577 
2181 
2811 
2251 
2403 
2443 
2158 
265 7 
2094 
2391 
2794 
2311 
2278 
2758 
2258 
2282 

Gamma 
Background 

- Scaler 
Results 

----------------- 
2980 
872 
913 
629 

1013 
768 
506 
846 
869 
911 

1227 
695 
427 

1153 
824 

1351 
995 
465 
726 
953 
785 
621 
710 
646 
637 
671 
922 
600 
705 
742 
883 
487 

1117 
557 
709 
749 
464 
963 
400 
697 

1100 
617 
584 

1064 
564 
588 
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TABLE 11.3.1-3 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Grid 
Location 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

-__-__-__-__ - 

Alpha 
countsfmin 

Direct 
.-__-_-__-__-__-_ 

c 250 
c 250 

300 
< 250 
< 250 
< 250 

250 
c 250 
< 250 
c. 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
250 

c 250 
< 250 
< 250 

250 
250 

< 250 
250 

< 250 
< 250 
< 250 

500 
c 250 
< 250 
< 250 
< 250 
< 250 

25 0 
250 

< 250 
750 

< 250 
300 
500 

-=. 250 
300 

< 250 
250 

< 250 
c 250 

Alpha Beta 
dpm/lOOcm2 Beta dpmL100cm2 
Removable counts/mi Removable 

(Smear) Direct (Smear) 
---------..------- ------------ ----------------- 

3 200 24 
3 250 60 
0 250 21 
0 250 33 
0 200 27 
3 250 15 
0 200 90 
9 300 15 
0 450 6 
9 <BG 39 

12 < B G  21 
3 100 24 
3 <BG 0 
3 < B G  45 

12 150 36 
6 <BG 18 

18 250 75 
9 100 0 
3 100 48 

18 150 6 
6 < B G  18 

12 250 90 
3 150 60 

21 < B G  0 
18 < B G  0 
24 150 39 
3 < B G  12 
3 < B G  15 
6 150 81 
9 < B G  30 

12 <BG 18 
6 < B G  54 
0 150 15 
0 350 12 
3 300 30 
0 150 0 
3 < B G  27 
9 250 30 
3 150 21 
9 200 9 
3 200 15 
0 < B G  3 
0 < B G  3 
3 100 18 
6 < B G  15 
3 < B G  0 

Gamma 
Background 

1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

----------------- 

Gamma 
countdmin 

Meter 
----------------- 

2000 
3000 
2500 
2000 
2500 
2500 
3000 
3000 
3000 
2000 
2000 
2000 
2000 
2000 
2000 
2500 
3000 
3000 
2500 
3000 
2500 
2000 
3000 
2500 
2500 
2000 
4000 
3500 
2500 
2000 
3000 
2500 
3500 
4500 
2500 
2000 
3000 
2500 
2500 
3000 

. 2000 
2500 
3000 
3000 
4000 
3000 

Scaler 
-------------- 

2029 
2446 
2294 
2067 
2377 
2298 
2927 
2492 
2859 
1937 
1902 
2117 
2014 
2033 
1919 
2379 
2827 
2683 
2348 
2995 
2424 
2162 
2966 
2486 
2446 
2289 
355 1 
3829 
25 33 
2208 
2646 
2255 
3536 
4245 
2525 
2153 
2804 
2286 
2391 
2895 
1938 
2349 
2592 
2877 

2743 
- 4046 

Gamma 
Background 

- Scaler 
Results 

_---------------- 
335 
752 
600 
373 
683 
604 

1233 
798 

1165 
243 
208 
423 
320 
339 
225 
685 

1133 
989 
654 

1301 
730 
468 

1272 
792 
752 
595 

1857 
2135 
839 
514 
952 
561 

1842 
255 1 
831 
459 

1110 
592 
697 

1201 
244 
655 
898 

1183 
2352 
1049 
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TABLE 11.3.1-3 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Alpha Beta Gamma 

Grid counts/min Removable countslmi Removable Gamma countslmin - Scaler 
Alpha dpm/100cm2 Beta dpm/lOOcm2 Gamma Background 

93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
I11 a . 112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 

3-1-3.wql 

250 
750 
300 

< 250 
< 250 

300 
250 

< 250 
250 

< 250 

< 250 
< 250 

250 
300 
400 
300 

e 250 
e 250 
< 250 
.e 250 

300 
< 250 
< 250 

250 
500 

< 250 
250 

< 250 
250 

< 250 
< 250 
< 250 
.< 250 
< 250 
< 250 
< 250 

800 
< 250 

300 
< 250 
< 250 

250 
250 

e 250 
500 

<'BO 

0 
0 
6 
3 
3 
0 
6 
3 
0 
3 
0 
3 
0 
3 
0 

15 
6 
0 
9 
3 
3 
0 
6 
3 

12 
3 
0 
0 
0 

15 
3 
0 
3 
0 
6 
0 
0 
0 
0 

12 
6 
6 
0 
3 
0 
0 

< BG 
< BG 
.e BG 
< BG 
< BG 
< BG 

100 
100 
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TABLE 11.3.1-3 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Alpha Beta Gamma 
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direct beta results, the beta contamination results have a tendency to be higher on the westem 
side of the pond. There is no readily apparent correlation between the beta contamination i d  
direct reading results. Table 11.3.1-3 and Figure 11.3.1-26present the results of the gamma 
radiation survey conducted in SEP 207-B Center. The field records for this survey are included 
in Appendix 1I.E. 

@ 

The direct reading gamma results range from 208 to 2,980 cpm above background. The 
highest direct gamma and beta readings were detected in the same location, in the southwestern 
comer of the pond. This fact lends credence to the hypothesis that either a "hot particle" is 
located within the asphalt matrix in that location or that the drain pipe is contaminated and is 
accounting for the direct readings noted in that location. 

SEP 207-B North 

Table II.3.1-4 and Figures 11.3.1-27 and 11.3.1-28 present the results of the direct and 
removable alpha radiation survey results. The field records for these surveys are included in 
Appendix E. 

The majority of the direct alpha readings are below the minimum detectable activity (250 
cpm) of the instrument utilized to perform the surveys. O f  the direct alpha readings that are 
above or at the lower limit of detection, the readings range from 250 to 300 cpm. These 
readings tend to be toward the western side of the pond. 

The alpha contamination results (smear results) for SEP 207-B North range from 0 to 12 
dpm/100 cm2 and are slightly higher in the western half of the pond. The two highest 
contamination results (12 dpm/100 cm2) are located approximately 10 feet east and 15-25 feet 
north of the southwestern corner of the pond. Again, the higher readings have a tendency to 
be on the western side of the pond. 

Figures 11.3.1-29 and 11.3.1-30 present the results of the direct and removable beta 
radiation survey results. The field records are included in Appendix E. 

The majority of the direct beta readings are below the lower limit of detection (100 cpm) 
of the instrument used to perform the surveys. O f  the direct beta readings that are above or at 
the lower limit of detection, the readings generally ranged from 400 to 700 cpm. 

11.3-3 1 



TABLE 11.3.1.4 

SEP 207-B NORTH RADIATION SURVEY RESULTS 
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TABLE 11.3.1-4 

SEP 207-B NORTH RADIATION SURVEY RESULTS 
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SEP 207-B NORTH RADIATION SURVEY RESULTS 
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TABLE 11.3.1-4 

e SEP 207-B NORTH RADIATION SURVEY RESULTS 
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The beta contamination (smear) results for SEP 207-B North range from 0 to 60 dpm/100 
cm2. The detections are generally located throughout the pond basin; however, there is a slight 
tendency for the majority of the detections to be located on the western side of the pond. The 
higher readings have a slight tendency to be on the western side of the pond. There is no 
readily apparent correlation between the beta contamination and direct reading results. 

@ 

Figure II.3.1-3 1 presents the results of the gamma radiation survey in SEP 207-B North. 
The field records are included in Appendix E. 

The direct reading gamma results range from -8 to 1,263 cpm above background, with 
one notable exception. Located approximately 50 feet north and 30 feet east of the southwestern 
corner, a single "hot spot" was detected. The direct reading for this location is 3,890 cpm 
above background. Based upon the location of this hot spot, there is a possible correlation with 
the alpha contamination results as alpha smears of 6 dpm/100 cm2 were also noted in this Same 
area. Additionally, this hot spot is located approximately in the same location as the discolored 
water mark near the northwestern corner of the pond. A possible explanation for this hot spot 
is that a minute particle of radioactive material remains entrenched within the asphalt matrix. 

II.3.1.2.3 SEP Ground Penetrating Radar Surveys 

Ground penetrating radar surveys of the SEPs were only conducted in SEP 207-A, as 
specified in the Phase I Work Plan. 

Figure II.3.1-32 shows the location of the GPR survey within SEP 207-A and the 
calibration survey conducted adjacent to SEP 207-A. The primary inherent difficulty with GPR 
is establishing depth of penetration of the signal in a new area. Attempts were made during the 
calibration survey to detect a known buried sewer line and a waste discharge line with a 
300-MHz antenna. Four lines were recorded for the calibration survey. This survey consisted 
of a three line detail survey and a single line survey along the road on the southwestern side of 
SEP 207-A. Neither survey was successful in identifying the pipelines, perhaps due to less than 
desirable depth of penetration for the GPR. Since the depths and diameters of the two buried 
pipes are not known, the actual depth of penetration could not be established. Based upon prior 
interpretation, experience, and knowing a probable depth of burial for the lines, depth of GPR 
penetration attained in the survey was estimated to be approximately 5 feet or less. 

The GPR investigation within SEP 207-A attempted to survey the materials beneath the 
liner, survey for any man-made buried objects, and survey the pond liner for possible breaches. @ 
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The 30eMHz antenna and the 900-MHz antenna were used in SEP 207-A. Eleven lines were 
recorded in the southwestern comer of SEP 207-A using a 300-MHz antenna which surveyed 
the liner and below the liner. Figure II.3.1-21 depicts a typical 300-MHz antenna record. 
There were no anomalous responses within the area of the survey, indicating that the pond liner 
and the upper subgrade are relatively uniform, and there were no near-surface buried objects. 
The depth of investigation could not be established, but is estimated to be approximately 3 feet 
or less. 

@ 

The six northern 300-MHz GPR lines were duplicated using a 900-MHz antenna. The 
more sensitive 900-MHz antenna was used to survey for any discontinuities in the pond liner, 
survey beneath the liner, survey the shallow subsurface materials, and assist the visual inspection 
process by identifying potential liner breaches. Figure 11.3.1-34 shows a typical 900-MHz 
record and GPR responses encountered during the SEP 207-A survey. The depth of penetration 
was unknown but is estimated to be less than 3 feet. 

Several anomalies appear on the six 900-MHz survey lines. Interpreted GPR moisture 
and crack anomalies can be correlated to the observed pond liner deterioration zones or cracks 
seen during the visual inspection. Other GPR anomalies are associated with the pond liner or 
materials beneath it. Figure 11.3.1-35 shows an interpretation of these features. Since the 
position of the GPR lines and the spacing along the lines is approximate, the exact shape and 
position of these anomalies is also approximate. Two linear anomalies of unknown origin are 
pronounced. The western anomaly, seen on all 900-MHz lines, is elongated and is roughly 
parallel to the western edge of the pond. It has been referred to as Zone 2 in the figures. 
Approximately 100 feet long and 20 feet wide, Zone 2 seems to be encapsulated by Zone 1. 
Below these two zones and in Zone 3 a lenticular anomaly can be Seen on the three northernmost 
900-MHz GPR lines. Without borehole information, the significance of the elongated and 
lenticular anomalies can only be conjectured. Possible explanations for the elongated anomaly, 
since it has closely spaced layers, is that it may represent a compaction feature or a liner 
construction variation. The lenticular anomaly may also be associated with liner construction 
or liner modification, but its shape appears to be conducive to channeling fluids. Other 
anomalies appear to be isolated although there is a good match between the observed liner cracks 
and interpreted moisture plumes. 

a 

* 

II.3.1.2.4 SEP Liner and Subgrade Sampling and Analysis 

Twelve asphalt liner (TAL) samples and 12 subgrade (material immediately underlying 
the asphalt liner) samples were collected from the SEPs. Six samples of each media were 0 
022172243711 2.WF 
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qllected from SEP 207-A, and three samples each of asphalt and subgrade material were 
collected from each of the two 207-B SEPs sampled. The sampling locations are shown on 
Figure II.3.1-36. 

@ 

The asphalt samples were submitted for determination of TAL metals and radiochemical 
analytes. Cyanide analyses were originally requested and were provided for the samples from 
the 207-B SEPs; however, cyanide analyses were deleted from the SEP 207-A samples per a 
request from EG&G. Gross alpha and gross beta analyses were deleted from the liner analyte 
suite because the analysis method requires a densely compacted, homogeneous sample to provide 
accurate results. The discontinuous sample matrix provided by the asphalt samples would not 
allow reliable analysis results for gross alpha and gross beta. Tritium was also deleted because 
the analysis method is dependent on the moisture content of the sample, and the asphalt liner 
sample was anticipated to contain negligible moisture. 

Liner Analytical Results 

Analytical results for the target analyte list metals and radiochemical analytes in the 
asphalt liner samples are included in Tables 11.3.1-5 through 11.3.1-8. Selected chemicals 
analyzed are mapped and discussed in this section if they also appeared on the potential 
contaminants of concern (PCOC) list for surficial soils. Analytical results for the TAL metals 
beryllium, cadmium, and sodium are plotted on Figures 11.3.1-37 through 11.3.1-39. Analytical 
results for the radionuclides americium-24 1, cesium- 134, plutonium-239/240, uranium-233/234, 
uranium-235, and uranium-238 are plotted on Figures 11.3.1-40 through II.3.1-45. 

a 

Beryllium 

Beryllium analytical results for the liner samples are presented on Figure II.3.1-37. 
Beryllium was not detected in any of the SEP 207-A samples; however, it was detected in two 
of the SEP 207-B North samples and in all three of the SEP 207-B Center samples. None of 
the detections exceeded 0.70 mg/kg. Although not an appropriate comparison, but to put these 
results into perspective, the calculated background level of beryllium in surficial soils was 
calculated to be 0.92 mg/kg. 

Cadmium 

Cadmium analytical results for the liner samples are presented on Figure 11.3.1-38. . 0 Cadmium was detected in all 12 asphalt samples at concentrations ranging from 0.80 to 69.7 
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TABLE II.3.1-5 

METAL ANALYTICAL RESULTS 

(all results in mgkg) 
ASPHALT SAMPLES - SEP 207-A 

Below Detection Limit with the detection limit in parentheses. 
NA Not Analyzed 

3- 1-5 .tbl n. 3-39 



TABLE II.3.1-6 

METAL ANALYTICAL RESULTS 
ASPHALT SAMPLES - 207-B SEPS 

. (all results in mg/kg) 

Notes: BDL( 1 .O) Below Detection Limit with the detection Iimit in parentheses. 
Element detected above the Instrument Detection Limit, but below the Method Detection Limit (B) 

NA Not Analyzed 

11.3-40 
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mg/kg. SEP 207-B North contained significantly higher concentrations of cadmium in the liner 
samples than the other SEPs, as shown on Figure 11.3.1-38. This is attributable to either higher 
cadmium concentrations in the particular waste streams that went into SEP 207-B North, or to 
less efficient sludge removal and liner cleaning activities than the other two SEPs. For 
comparative purposes, the calculated background concentration of cadmium in surficial soils is 
0.64 mg/kg and is 2.3 mg/kg for vadose zone soils. 

@ 

Sodium analytical results for the liner samples are presented on Figure 11.3.1-39. Sodium 
concentrations in the liner samples ranged from 135 to 1,050 mg/kg. Sodium concentrations in 
the liner samples from SEP 207-B Center were generally higher (702, 746, and 1,050 mg/kg) 
than the other two SEPs sampled. This also may be attributable to the chemistry of the waste 
streams disposed of in that SEP. For comparative purposes, the background concentration of 
sodium in surfkid soils is 165 mg/kg and is 2,720 mg/kg in vadose zone soils. 

Americium-24 1 

Americium-241 analytical results for the liner samples are presented on Figure 11.3.1-40. 
Americium was not detected in any of the SEP 207-A liner samples; however, it was detected 
in each of the 207-B SEP samples. The americium results for SEP 207-B Center were relatively 
unifomi and ranged from 0.449 to 0.584 picocuries per gram @Ci/g). The americium results 
from SEP 207-B North were notably higher and ranged from 1.734 to 4.032 pCi/g. For 
comparative purposes, the background concentration for americium in surficial soils 0.027 pCi/g 
and 0.01 pCi/g for vadose zone soils. 

Cesium-134 analytical results for the liner samples are presented on Figure 11.3.1-41. 
None of the liner samples analyzed contained cesium-134 above the laboratory detection limits. 

Plutonium-239/240 

Plutonium-239/240 analytical results for the liner samples are presented on Figure II.3.1- 
42. Plutonium concentrations ranged from below the detection limit to 3.126 pCi/g. With the 
exception of one sample from the southern end of SEP 207-A, the plutonium concentrations are 
slightly higher in the 207-B SEPs than in SEP 207-A. For comparative purposes, the 0 



background concentration for plutonium in surficial soils 0.062 pCi/g and 0.02 pCi/g for vadose @ zone soils. 

Uranium-234 

Uranium-234 analytical results for the liner samples are presented on Figure II.3.1-43. 
These concentrations ranged from 0.68 to 4.66 pCi/g. No discernable differences among the 
respective SEP analyses are apparent. The uranium-234 isotope was not specifically analyzed 
in background samples. 

Uranium-235 analytical results for the liner samples are presented on Figure II.3.1-44. 
Uranium-235 concentrations ranged from below the detection limit to 0.11 pCi/g. NO 
discernable differences among the respective SEP analyses is apparent. All detections of 
uranium-235 in the liner samples were similar to the background surficial and vadose zone sod 
concentrations of 0.09 pCi/g and 0.10 pCi/g, respectively. 

Uranium-238 analytical results for the liner samples are presented on Figure II.3.1-45. 
Uranium-238 concentrations ranged from 0.52 to 2.68 pCi/g and did not show significant 
variations between the three SEPs sampled. For comparative purposes, the background 
concentration for uranium-238 in surficial soils is 1.270 pCi/g and 0.63 pCi/g for vadose zone 
soils. 

Submade Analvtical Results 

Following liner excavation, 12 subgrade samples were collected from the material directly 
below the SEP asphalt liners: six from SEP 207-A and three each from SEPs 207-B Center and 
207-B North. Each sample was collected from the top 2 inches of soil or subgrade material 
immediately underlying the liners. The specific depths at which the subgrade samples were 
collected varied due to the variable thickness of the asphalt liner. The subgrade samples were 
analyzed for nitrate, TAL metals, radiochemical analytes, TCL semivolatile organic compounds, 
pesticides, and PCBs. Tables 11.3.1-9 and 11.3.1-10 present the subgrade analytical results for 
the vadose zone PCOCs. Figures 11.3.1-46 through 11.3.1-61 present the results graphically. 
Although calcium, manganese, potassium, and sodium appear on the PCOC list, they were not @ 
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mapped and discussed because they are common rock-forming elements and their presence at 
OU4 is more likely to be related to natural soil chemistry than to contaminant releases. 

Barium analytical results from the subgrade samples are presented on Figure II.3.1-46. 
Concentrations ranged from 37.5 to 93.7 mg/kg. No discernable patterns of barium 
concentrations were apparent between the three SEPs sampled. None of the samples exceeded 
the vadose zone soil background concentration of 93.87 mg/kg. 

Cadmium analytical results from the subgrade samples are presented on Figure II. 3.1-47. 
Concentrations ranged from below the detection limit to 56.7 mg/kg. None of the three samples 
from SEP 207-B Center was above the detection limit. Cadmium was detected in each of the 
six samples from SEP 207-A; however, the concentrations were low. The cadmium 
concentrations detected at SEP 207-B North were notably higher than the other two SEPs 
sampled, and ranged from 23.7 to 56.7 mg/kg. The background vadose zone soil concentration 
for cadmium is 2.3 mg/kg. @ 

Lithium analytical results from the subgrade sampIes are presented on Figure II.3.1-48. 
Concentra~ons ranged from 10.1 to 46.6 mg/kg. As with cadmium, the lithium concentrations 
are higher beneath SEP 207-B North than the other two SEPs sampled. None of the results, 
however, exceeded the background vadose zone soil concentration of 83.2 mg/kg. 

Nitratehitrite (as nitrogen) analytical results from the subgrade samples are presented on 
Figure II.3.1-49. Nitrate concentrations ranged from 22.1 to 5,170 mg/kg. All of the results 
exceeded the background concentration for nitrate in vadose zone soils of 7.1 mg/kg. The 
results of the analyses from SEP 207-B Center are questionable despite being validated. The 
sample from location 46993 in the northwestern part of the SEP reportedly contained nitrate at 
a concentration of 5,170 mg/kg, which is approximately two orders of magnitude greater than 
the other two samples from that SEP. None of the other PCOCs analyzed from this location 0 
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showed correspondingly elevated results, which would be expected if a significant release had a occurred at this location. 

Zinc analytical results from the subgrade samples are presented on Figure II.3.1-50. 
Zinc concentrations ranged from 18.2 to 66.0 mg/kg. No discernable differences between the 
analytical results of the respective SEPs are apparent. Ten of the 12 samples exceeded the 
vadose mne soil background concentration of 23.64 mg/kg. 

Americium-24 1 

The americium-241 analytical results from the subgrade samples are presented on Figure 
II.3.1-51. The americium concentrations ranged from 0.0114 to 44.68 pCi/g. The results of 
samples from SEP 207-B North are higher than SEP 207-B Center and generally higher than 
SEP 207-A. All of the subgrade samples exceeded the americium vadose zone soil background 
concentration of 0.01. 

e cesium-134 

The cesium-134 analytical results from the subgrade samples are presented on Figure 
II.3.1-52. The cesium-134 results are questionable, despite being validated, with zero and 
negative numbers reported. For nearly all results, the counting error is greater than the reported 
result. Cesium-134 was not measured in the background samples. 

Cesium- 137 

The cesium-134 analytical results from the subgrade samples are presented on Figure 
11.3.1-53. The concentrations of cesium-137 ranged from below the detection limit to 0.415 
pCi/g. Only one sample, collected at location 46593 in the southwestern area of SEP 207-B 
North, exceeded the vadose zone soil background concentration of 0.166 pCi/g. 

The gross beta analytical results from the subgrade samples are presented on Figure 
11.3.1-54. The gross beta concentrations ranged from 23.5 to 51.5 pCilg. The results from 
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each of the SEPs were generally consistent with each other, and no notable trends were 
apparent. The vadose zone soil background concentration is 27.99 pCi/g. 

PIutonium-239/240 

@ 

The plutonium-239/241 analytical results from the subgrade samples are presented on 
Figure II.3.1-55. Plutonium concentrations in the subgrade samples ranged from 0.02 to 19.8 
pCi/g. All of the samples were at or above the vadose zone background soil concentration of 
0.02 pCi/g. The plutonium subgrade sample concentrations from SEP 207-B North were higher 
than those from SEP 207-B Center and higher than all but one of the samples from SEP 207-A, 

Radium-226 

The radium-226 analytical results from the subgrade samples are presented on Figure 
II.3.1-56. The concentrations in the subgrade samples ranged from 1.1 to 10.76 pCi/g. As with 
other radionuclides, SEP 207-B North appears to show higher concentrations than the other two 
SEPs sampled. All the samples analyzed exceeded the background vadose zone soil 
concentration of 0.65 pCi/g. e 
Stron tium-89/90 

The strontium-89/90 analytical results from the subgrade samples are presented on Figure 
II.3.1-57. The strontium concentrations ranged from below detection limits to 1.094 pCi/g. The 
highest strontium concentration occurred at location 46893 on the eastern side of SEP 207-B 
Center. Five of the 12 samples analyzed exceeded the vadose zone soil background 
concentration of 0.54 pCi/g. 

Tritium 

The tritium analytical results from the subgrade samples are presented on Figure II.3.1- 
58. Concentrations ranged from 2,044 to 50,300 picocuries per liter @Ci/L), and all detections 
exceeded the background vadose zone soil concentration of 212 pCi/L. Similar to other 
radionuclides, tritium concentrations appear consistently higher beneath SEP 207-B North than 
the other two SEPs sampled. 
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The uranium-233/234 analytical results from the subgrade samples are presented on 
Figure II.3.1-59. Uranium 233/234 concentrations ranged from 1.009 to 63.4 pCi/g, all of 
which exceeded the vadose zone soil background concentration of 0.53 pCi/g. Uranium-2331234 
is generally higher beneath SEP 207-B North. 

Uranium-235 

The uranium-235 analytical results from the subgrade samples are presented on Figure 
II.3.1-60. Uranium 235 concentrations ranged from 0.04 to 1.69 pCi/g. The vadose zone soil 
background concentration for uranium-235 is 0.1 pCi/g, which was exceeded at seven of the 12 
locations sampled. As with uranium-233/234, uranium-235 is generally higher beneath SEP 207- 
B North than the other two SEPs sampled. 

Uranium-238 

The uranium-238 analytical results from the subgrade samples are presented on Figure 
11.3.1-61. Uranium 238 concentrations ranged from 1.0 to 25.5 pCi/g, all of which exceeded 
the vadose zone soil background concentration of 0.63 pCi/g. The highest concentrations appear 
to be present beneath SEP 207-B North, the northern and eastern portions of SEP 207-A, and 
beneath the northern side of SEP 207-B Center. 

In summary, the subsurface PCOCs generally appear to be higher in the subgrade 
samples beneath SEP 207-B North than the other two SEPs sampled; however, exceptions have 
been observed. There is no consistent correlation between the subgrade analytical results and 
the liner analytical results. For some elements, the subgrade analyses are higher than the 
associated liner analyses, and for some elements, the subgrade analyses are lower than the liner 
analyses. For example, americium was not detected in any of the SEP 207-A liner samples, yet 
was detected in the subgrade. Conversely, americium was detected in liner samples from SEP 
207-B Center at concentrations approximately an order of magnitude greater than the subgrade 
samples. 

There does appear to be a correlation between observed breaches in the liner and 
subgrade analytical results. Borehole 46693 in SEP 207-B North was located adjacent to a 
cobble pressed into the liner material. Subgrade samples from this borehole consistently showed 
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the highest concentrations of the PCOCs compared to the other samples from each of the e respective SEPs. 

II.3.1.2.5 Drilling, Sampling, and Chemical Analysis 

This section briefly describes observations made during drilling the boreholes through 
the SEPs. Section 11.3.5, Geologic Investigation Results, provides a detailed analysis of the 
geology and subsurface conditions beneath OU4. Chemical analytical results from borehole 
samples collected from beneath the SEPs are presented in Section II.3.4, Subsurface Chemical 
Analytical Results. 

The SEP borehole locations were placed at sites where breaches in the liners were 
observed in and at sites where the liner was intact. Boreholes 42193,43393,43693, and 46693 
were drilled in locations where the liner cracks were observed, and the remaining boreholes 
were drilled where the liner appeared to remain intact. The borehole locations and identification 
numbers were previously shown on Figure 11.3.1-36. 

The SEP 207-A boreholes were drilled and sampled during March and April, 1993. The 
SEP 207-B boreholes were drilled and sampled during November, 1993. Drilling and sampling 
the 20743 boreholes was difficult due to the presence of larger cobbles beneath SEP 207-A that 
prevented auger advancement. Samples from these boreholes were collected by driving the 
sampler with the 140-pound hammer on the rig, and augers were only partially advanced in the 
boreholes. Boreholes were advanced to depths ranging from 7.9 to 31.3 feet below the pond 
bottoms. The boreholes were abandoned after drilling with the exception of boreholes 41593, 
42493 and 43693, which were completed as vadose zone monitoring locations (lysimeters). 
None of the SEP boreholes were completed as piezometers. 

A review of the borehole logs indicated that subsurface soils consisted predominantly of 
sandy gravel with smaller amounts of sandy silt and clayey silt. The gravel fraction was 
generally well graded and consisted of coarse-grained, sub-angular to sub-rounded gray quartzite 
that rang& from 10 to 84 volume percent. The sandy silt fraction consisted of fine-grained, 
sub-angular, quartz, which ranged from 10 to 56 volume percent. 

Claystone bedrock was encountered at depths ranging from 5.0 to 10.0 feet below grade 
in the southern and eastern portion of SEP 207-A (Boreholes 42593,43393, and 43693), 5.5 to 
11.5 feet below grade in SEP 207-B Center, and 6.5 to 7.8 feet beneath SEP 207-B North. The 
claystone bedrock is grayish brown to yellowish brown, very fine to fine-grained, is slightly a 
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friable, and contains thin horizontal bedding. A subcropping unit of sandy siltstone and clayey 
sandstone was encountered in the northern and eastern portion of SEP 207-A (Boreholes 41593, 
42193, and 42493). This unit consists predominantly of light gray to light yellowish brown, 
very fine to fine-grained quartz with a silt and clay fraction that ranges from 53 to 83 volume 
percent. There is abundant iron oxide staining and caliche-filled vertical fractures with no 
visible bedding. A more detailed description of subsurface conditions is presented in Section 
II.3 5 ,  Geologic Investigation, which also includes cross-sections that depict the geology beneath 
the SEPs. 

Ground water is typically shallow beneath the SEPs. Observations of ground water 
encountered during drilling the SEP 207-A boreholes are not available; however, these 
observations were made for the 207-B boreholes. The presence of ground water during drilling 
is generally .related to the relative permeabilities of subsurface units and is not typically 
indicative of static conditions. The Phase I1 RFI/RI Work Plan provides a more detailed 
description of hydrogeologic conditions beneath the SEPs. 

Water was encountered during drilling of borehole 46893 in SEP 207-B Center at 9.6 
feet. No standing water was observed during drilling of borehole 46993; however, moist 
bedrock samples were collected below 5.5 feet. Standing water was encountered in borehole 
47093 at a depth of 6 feet. Water was encountered during drilling in SEP 207-B North only in 
borehole 46593 at 5.75 feet. No standing water was observed during the drilling of the other 
two boreholes. 
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II.3.2 Surfkial Soil Sampling Results 

The results of surficial soil sampling activities at OU4 are discussed in this.section. 
Results of surface radiological surveys are discussed in Section II.3.2.1,0U4-Wide Radiological 
Surveys, and the analytical results of random, discrete, and borehole surficial soil samples are 
discussed in Section II.3.2.2, Surficial Soil Sampling and Analysis. 

II.3.2.1 OU4Wide Radiological Survey Results 

The objective of the OU4-wide radiological survey was to determine if surficial soil 
contamination existed in the vicinity of the SEPs. 

II.3.2.1.1 Alpha Radiological Survey Results 

OU4-wide alpha radiological surveys were not conducted due to instrument limitations. 
The rationale for not completing this task was provided in Technical Memorandum N0.2. 

II.3.2.1.2 Beta/Gamma Radiological Survey Results 

The OU4-wide gamma radiation survey results are listed in Table II.3.2-1, and survey 
locations are shown on Figure II.3.2-1. The FIDLER readings summarized in Table II.3.2-1 
represent the &second gross scaler reading. The FIDLER provides a value for area 
background specific to that day’s meteorologic and site conditions. The adjusted FIDLER 
measurement is simply the difference of the FIDLER scaler reading and the background. 0 

The statistically derived upper tolerance limit was established as a basis for identification 
of potentially anomalous survey readings, and is a value statistically derived from the entire OU4 
sitewide survey of FIDLER measurements. The upper tolerance limit was established using 
FIDLER data within OU4 only, and is therefore only applicable to OU4. The value of 2,473 
counts per minute (cpm) was derived by calculating the mean cpm plus two standard deviations 
(Table II.3.2-1). 

There were no obvious trends apparent in the OU4-wide gamma radiation survey other 
than in the vicinity of SEP 207-A, as shown on Figure II.3.2-1. Three anomalous values were 
obtained on the banks of SEP 207-A. This is most likely indicative of deposits resulting from 
splashing and wind dispersion along the berms of the SEP. 

The upper tolerance limit also was used as the basis for recommending supplemental soil 
sample collection at surficial soil locations SS402793, SS402893, and SS402993, which 
correspond to radiologic survey locations T16, V20, and M21, respectively. Locations B18, 
P16, R8, and R10 were also considered for further evaluation, but these locations were either 
covered with asphalt and without a nearby exposed soil surface or were immediately adjacent 
to buildings that may have influenced readings. All remaining FIDLER values for the sitewide 
survey were below the upper tolerance limit and were not considered for further investigation. 
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Table 11-3.2- 1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

Region 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
B 
B 

B 
t& B e 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

Grid 
Location 

A 24 
A 26 
A28 
A 30 
B 8  
B 10 
B 12 
B 14 
B 16 
B 18 
B 2 0  
B22 
.B 24 
B26 
B28 
B 30 
B 32 
B 34 
B 36 
C 8  
c 10 
c 12 
C 14 
C 16 
C 18 
c 20 
C 2 2  
C24 
C26 
C 28 
C 30 
C 32 
c 34 
C 36 
C 38 
D 8  
D 10 
D 12 
D 14 
D 16 
D 18 
D 20 
D 22 
D 24 
D 26 
D 28 
D 30 
D 32 

FIDLER 
Reading 

(cpm) 
2252 
21 16 
1997 
1974 
2344 
2360 
2359 
2169 
2286 
2827 
1966 
2308 
2367 
2020 
1997 
1852 
1667 
1956 
203 1 
2325 
2263 
2350 
2320 
2388 
2423 
2340 

21 13 
2005 
2264 
2285 
21 18 
2018 
2171 
1996 
2204 
2146 
2100 
2182 
2153 
2095 
2157 
251 1 
2222 
228 1 
2284 
2122 
2056 

2483 

FIDLER Upper Adjusted FIDLER 
Checkpoint Tolerance Measurement 

(cpm) Limit (cpm) fcpm) 
1947 2473 305 
1947 2473 169 
1947 2473 50 
1947 2473 27 
2311 2473 33 
2311 2473 49 
2311 2473 48 
2311 2473 - 142 
2311 2473 -25 
2311 2473 5 16 
2311 2473 -345 
231 1 2473 -3 
2311 2473 56 
1947 2473 73 
1947 2473 50 
1947 2473 -95 
1947 2473 -280 
1947 2473 9 
1947 2473 84 
2311 2473 14 
231 1 2473 -48 
231 1 2473 39 
2311 2473 9 
231 1 2473 77 
2311 2473 112 
2311 2473 29 
2311 2473 172 
231 1 2473 -198 
2311 2473 -306 
2311 2473 -47 
2311 2473 -26 
2311 2473 -193 
231 1 2473 -293 
2311 2473 -140 
2311 2473 -315 
2311 2473 -107 
2311 2473 -165 
231 1 2473 -211 
231 1 2473 -129 
2311 2473 -158 
2311 2473 -216 
231 1 2473 -154 
231 1 2473 200 
231 I 2473 -89 
2311 2473 -30 
231 1 2413 -27 
2311 2473 -189 
231 1 2473 -255 
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Table 11.3.2- d Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

FIDLER FIDLER Upper Adjusted FIDLER 
%*' Survey Grid Reading Checkpoint Tolerance Measurement 

Region Location (cpm) (CPm) Limit (cpm) (CPm) 
B D 34 2129 231 1 2473 -182 
B 
B 
E 
E 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
D 
D 
D 
E 
E 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

D 

D 36 
D 38 
D40 
D 42 
E l  
E 3  
E 5  
E 7  
E 9  
E 11 
E 13 
E 15 
E 17 
E 19 
E 21 
E28 
E 30 
E 32 
E34  
E 36 
E 38 
E40 
E 42 
F 2  
F 4  
F 6  
F 8  
F 10 
F 12 
F 14 
F 16 
F 18 
F 20 
F 22 
F 24 
G 5  
G 9  
G 11 
G 13 
G 15 
G 17 
G 19 
G 21 
G 23 
G 32 
G 34 
G 36 

2084 
2144 
1743 
1721 
1296 
1527 
1534 
1596 
1661 
1505 
1456 
1665 
1494 
1547 
1529 
2056 

1892 
2006 
2012 
1826 
1752 
1759 
1493 
1807 
1458 
1436 
1541 
1664 
1434 
1491 
1936 
1550 
1636 
1517 
1821 
1449 
1437 
1487 
1560 
1637 
1497 
1566 
1679 
1789 
208 1 
1983 

1924 

2311 
2311 
1954 
1954 
1 929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1947 
1947 
1947 
1947 
1947 
1947 
1954 
1954 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1947 
1947 
1947 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
241 3 
2413 

-227 
-167 
-21 1 
-233 
-633 
-402 
-395 
-333 
-268 
-424 
-473 
-264 
-435 
-382 
-400 
109 
-23 
-55 
59 
65 

-121 
-202 
- 195 
-436 
-122 
-47 1 
-493 
-388 
-265 
-495 
-438 

7 
-379 
-293 
-412 
-108 
-480 
-492 
-442 
-369 
-292 
-432 
-363 
-250 
-158 
I34 
36 
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Table 11.3-2-1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

@ Survey 
Region 

D 
E 
E 
F 
F 
F 

. F  
C 

. c  
C 
C 
C 
C 
C 
C 
C 
F 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
D 
D 
E 
E 
F 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
F 
F 
F 
C 

Grid 
Location 

G 38 
G40 
G 42 
H2 
H 4  
H 6  
H 8  
H 10 
H 12 
H 14 
H 16 
H 18 
H 20 
H22 
H24 
H26 
I 7  
19  
I l l  
I13 
I 15 
I 17 
I 19 
I21 
I23 
I25  
127 
I 29 
I 36 
I38  
I 4 0  
I42  
J8 
J 10 
J 12 
J 14 
J 16 
J 18 
J 20 
J 22 
J 24 
J 26 
J28 
J 30 

K 3  
K 5  
K 7  
K 9  

FIDLER FIDLER Upper Adjusted FIDLER 
Reading Checkpoint Tolerance Measurement 

(CPm) (cpm) Limit (cpm) (cpm) 
2394 1947 2473 447 
1803 1954 2473 -151 
1671 1954 2473 -283 
1799 1855 2473 -56 
2010 1855 2473 155 
1886 1855 2473 31 
1582 1855 2473 -273 
1666 1929 2473 -263 
1394 1929 2473 -535 
1395 1929 2473 -534 
1562 1929 2473 -367 
1479 1929 2473 -450 
1382 1929 2473 -547 
1394 1929 2473 -535 
1293 1929 2473 -636 
1852 1929 2473 -77 
1956 1855 2473 101 
1754 1929 2473 -175 
1427 1929 2473 -502 
1508 1929 2473 , -421 
1280 1929 2473 -649 
1580 1929 2473 -349 
1517 1929 2473 -412 
1715 1929 2473 -214 
1582 1929 2473 -347 
141 1 1929 2473 -518 
1584 1929 2473 -345 
1402 1929 2473 -527 
1780 1947 2473 -167 
1837 1947 2473 -1 10 
1562 1954 2473 -392 
2206 1954 2473 252 
1964 1855 2473 109 
1643 1929 2473 -286 
1296 1929 2473 -633 
1457 1929 2473 472 

1453 1929 2473 -476 
1693 1929 2473 -236 

1770 1929 2473 -159 
1750 1929 2473 -179 
1421 1929 2473 -508 

-357 1572 1929 2473 
1546 1929 2473 -383 
1434 1929 2473 -495 
1722 1855 2473 -133 
1852 1855 2473 -3 
1576 1855 2473 -279 
1756 1929 2473 -173 

I .  f . . ,  

II.3-58 



Table 11.32- 1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

Survey Grid 
Region Location 

G K 11 
C K 13 
c K 15 
C K 17 
C K 19 
C K 21 
C K 23 
C K25 
C K 27 
C K 29 
C K 31 
C K 33 
E K40 
E -K 42 
F L 4  
F L 6  
F L 8  
J L 28 
J L 30 
J L 32 
J L 34 
J L 36 
F M 3  
F 
F 
C 
H 
H 
H 
H 
J 
J 
I 
J 
J 
F 
F 
F 
H 
H 
J 
J 
J 
J 

M 5  
M 7  
M 9  
M 11 
M 13 
M 15 
M 21 
M 29 
M 31 
M 33 
M 35 
M 37 
N 4  
N 6  
N 8  
N 16 
N 22 
N 28 
N 30 
N 32 
N 34 

J N 36 
J N 38 
J N 40 
F 0 3  

FIDLER FIDLER 
Reading Checkpoint 

1453 
1446 
2023 
1918 
1748 
1663 
1610 
1499 
1548 
1544 
153 1 
1839 
1701 
1772 
1483 
1552 
1264 
1580 
1239 
1403 
1529 
1501 
1563 
1739 
1461 
2172 
2220 
2186 
2443 
1307 
1517 
1282 
1415 
1542 
1409 
1501 
1638 
1507 
1591 
1253 
1544 
1808 
1443 
1304 
1303 
1586 
1587 

1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1954 
1954 
1855 
1855 
1855 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1929 
1834 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1855 

Upper Adjusted FIDLER 
Tolerance Measurement 

Limit (cpm) (CPm) 
2473 -394 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2413 
2473 
2413 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2413 
2473 
2413 
2473 
2473 
2413 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2413 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-476 
-483 

94 
-1 1 

-181 
-266 
-319 
-430 
-38 1 
-385 
-398 
-1 15 
-253 
-83 

-372 
-303 
-165 
151 

-190 
-26 
100 

-354 
-292 
-1 16 
-468 
338 
386 
352 
609 

-122 
88 - 147 

-14 
113 

-446 
-354 
-217 
-327 
-243 
-176 
115 
379 

14 
-125 
-126 
157 

-268 
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Table 11.3.2- 1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

c 
.H 
H 
J 
J 
J 
J 
J 
F 
F 
F 
C 
H 
H 
H 
H 
J 
J 
J 
J 
J 
J 
F 
F 
F 
F 
F 
F 
H 
J 
J 
J 
J 
F 
F 
F 
F 
F 
F 
F 
J 
H 

J 

0 7  
0 9  
0 15 
0 21 
0 29 
0 33 
0 35 
0 37 
0 39 
P 2  
P 4  
P 8  
P 10 
'P 16 
P 22 
P 2 4  
P 26 
P 2 8  
P 32 
P 3 4  
P 36 
P 38 
P 4 0  
4 3  
4 7  
Q 9  
Q 11 
Q 13 
Q 15 
Q 21 
Q 33 
Q 35 
Q 37 
Q 39 
R 2  
R 4  
R 6  
R 8  
R 10 
R 12 
R 14 
R 16 
R 22 
R28 
R 30 
R 32 
R 34 
R 36 

FIDLER FUDLER Upper Adjusted FIDLER 
Survey Grid Reading Checkpoint Tolerance Measurement 
Redon Location (cpm) (CPm) Limit (cpm) (CPm) 
F 2074 

1410 
2187 
2200 
1460 
1652 
1848 
1473 
1272 
1826 
1353 
1668 
1590 
2449 
1584 
2148 
2126 
1760 
2106 
2265 
1721 
1247 
1346 
1980 
2017 
1748 
1448 
1514 
1636 
2349 
2053 
1603 
1399 
1592 
1779 
1831 
1756 
2556 
2572 
1979 
1383 
2156 
1474 
1319 
2125 
I859 
1828 
I347 

1855 
1929 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1929 
1834 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1855 
1855 
1855 
1834 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1855 
1855 
1855 
1855 
1429 
1834 
1 429 
1429 
1429 
1429 
1429 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

219 
-519 
353 
366 
31 

223 
419 
44 

-157 
-29 

-502 
-187 
-339 
615 
-250 
314 
292 
33 1 
677 
836 
292 

-182 
-83 
125 
162 

-107 
4 0 7  
-341 
-219 
515 
624 
174 
-30 
163 
-76 
-24 
-99 
701 
717 
1 24 
-472 
727 

-360 
-110 
696 
430 
399 
-82 
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Table 11.3.2- 1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

Region Location 
J R 38 
F '  S 13 
F S 15 
H s 21 
H , s23 
H S25 
H S 27 
J S 31 
J s 33 
J s 35 
J s 37 
F T 12 
F T 14 
J T 16 
H T22 
J T28 
J T 30 
J T 32 
J T34 
J T 36 
H u 21 
J U 31 
J u 33 
J u 35 
J V 16 
H V 18 
H V20 
H V22 
J V28 
J v20 
J V 30 
J V 32 
J V34 
J w 17 
J w 19 
J w 21 
J W 23 
J W25 
J W 27 
J W31 
J w 33 
F x 10 
F x 12 
F X 14 
J X 16 

. ,,' J X 18 
J x 20 
J x 22 

FIDLER 
Reading 

FIDLER Upper Adjusted FIDLER 
Checkpoint Tolerance Measurement 

1960 
1576 
2270 
2419 
201 1 
2390 
1339 
1799 
1632 
1492 
1852 
1814 
3364 
2331 
1253 
1151 
1453 
1870 
1825 
2348 
1594 
1673 
1617 
1713 
2324 
2A48 
1343 
1230 
1463 
1457 
1598 
1614 
2079 
1609 
1683 
1557 
1254 
1177 
1063 
1752 
2023 
1723 
1647 
1893 
1844 
1563 
1246 

1855 
1 855 
1834 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1855 
1855 
1429 
1834 
1429 
1429 
1429 
1429 
1429 
1834 
1429 
1429 
1429 
1429 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1429 
1429 
1429 
1429 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2413 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2413 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

105 

436 
585 
177 
556 
-90 
370 
203 
63 
-3 

-41 
1935 
497 
-176 
-278 

24 
441 
396 
514 
165 
244 
188 
284 
490 
614 
-491 
-199 

34 
28 

169 
185 
650 
180 
254 
128 

-175 
-252 
-366 
323 
168 

-279 

-132 
-208 
464 
415 
134 

-183 
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fable 11.3.2- 1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

FIDLER FIDLER Upper Adjusted FIDLER 
-a: *r' Survey Grid Reading Checkpoint Tolerance Measurement 

Region Location (cpm) (CPm) Limit (cpm) (cpm) 

b 4D , j 

R 38 1300 1429 2473 -129 J 
F 
F 
H 
H 
H 
H 
J 
J 
J 
J 
F 
F 
J 
H 
J 
J 
J 
J 
J 

J 
J 
H 
H 
H 
J 
3 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
F 
F 
F 
J e a. ..- J 
J 
J 

S 13 1960 
S 15 1576 
s 21 2270 
S 2 3  . 2419 
S25 
S 27 
S 31 
s 33 
s 35 
s 37 
T 12 
T 14 
T 16 
T 22 
T28 
T 30 
T 32 
T 34 
T 36 
u 21 
U 31 
u 33 
u 35 
V 16 
V 18 
v 20 
v 22 
V28 
v 20 
V 30 
V 32 
v 34 
W 17 
W 19 
w 21 
W 23 
W25 
W 27 
W 31 
w 33 
x 10 
x 12 
X 14 
X 16 
X 18 
x 20 
x 22 

201 1 
2390 
1339 
1799 
1632 
1492 
1852 
1814 
3364 
233 1 
1253 
1151 
1453 
1870 
1825 
2348 
1594 
1673 
1617 
1713 
2324 
2448 
1343 
1230 
1463 
1457 
1598 
1614 
2079 
1609 
1683 
1557 
1254 
1177 
1063 
1752 
2023 
1723 
1647 
1893 
1844 
1563 
1 246 

1855 
1855 
1834 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1855 
1855 
1429 
1834 
1429 
1429 
1429 
1429 
1429 
1834 
1429 
1429 
1429 
1429 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1429 
1 429 
1429 
1429 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

105 

436 
585 
177 
556 
-90 
370 
203 
63 
-3 
-41 

1935 
497 
-176 
-278 

24 
441 
396 
514 
165 
244 
188 
284 
490 
614 

-49 1 
-199 

34 
28 

1 69 
185 
650 
180 
254 
128 

-175 
-252 
-366 
323 
168 

-279 

-132 
-208 
464 
415 
134 

-183 
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Table 11.3.2- 1 Operable Unit 4 Sitewide Gamma (FIDLER) Radiation Survey Results 

FIDLER FIDLER Upper Adjusted FIDLER 
Survey Grid Reading Checkpoint Tolerance Measurement 
Region Location (cpm) (CPd Limit (cpm) (ccpm) 

J X 24 1368 1429 2473 -61 
J 
J 
J 
J 
F 
F 
J 
J 
J 
J 
J 
J 

x26 1225 
X28 1219 
X 30 1974 
X 32 1577 
Y 7  2045 
Y 9  1802 
Y 15 1614 
Y 17 1923 
Y 23 1495 
Y 27 1958 
Y 29 1893 
Y 31 1485 

1429 
1429 
1429 
1429 
1855 
1855 
1429 
1429 
1429 
1429 
1429 
1429 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-204 
-210 
545 
148 
190 
-53 
185 
494 
66 

529 
464 
56 

Background Action Level Calculation 
The calwted mean was obtained from a population of 301 FIDLER readings. 
The counts selected are gross cpm. The value of background represents a 95% coILfidence level. 

B = FIDLER Background 
X =  Mean 
s= StandacdDeviation 

B =  X f 2 . W  
B= 1769 f 2.00(352) 
B= 2473 
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0 II.3.2.2 Surficial Soil Sampling and Analysis Results 

Surficial soil samples were collected randomly at 26 locations in OU4. Ten discrete 
samples were also collected at locations with elevated radiological readings, at seeps, and in 
areas where data gaps exist for the generation of the Baseline Risk Assessment. Surfkkil soil 
samples were dso collected at all borehole locations to complement the surficial soil program. 
Figure II.3.2-2 shows the location of surficial soil samples. The 26 randomly collected surficial 
soil samples are designated SS400193 through SS402693. The ten discrete swfcial samples are 
designated with square symbols on the figure, with sample identification numbers SS402793 
through SS403693. The borehole surficial soil sample numbers are designated with the borehole 
location identification. The rationale for locating the random and discrete surficial soil samples, 
and the sample collection methodology were presented in Section II.2.4.2. Subgrade samples 
collected from boreholes drilled beneath the liner in SEPs 207-A, 207-B North, and 207-B 
Center are not included in this surficial soils discussion. They were presented previously in 
Section 11.3.1.1. 

Surficial soil samples were analyzed for the TAL metals, nitrate, radionuclides, TCL 
semivolatile organic compounds, pesticides, and PCBs. Appendix II.0 presents a complete list 
of the analytical results for all chemicals analyzed. As previously noted, statistical methods 
were used to screen the data and determine the PCOCs for surficial soil samples at OU4, which 
are listed in Table II.3.2-2 and discussed further in this section. Of the PCOCs listed in Table 
II.3.2-2, calcium, silicon, and sodium were not mapped and will not be discussed because they 
are common rock-forming elements and are not likely to be present as a result of waste disposal 
activities at the SEPs. 0 

The surficial soil analytical results were compared to background surficial soil samples 
collected from the Rock Creek area in the RFP buffer zone for the OU1 and OU2 Remedial 
Investigations. Table II.3.2-3 provides a data summary of the OU4 surficial soil PCOCs. This 
summary includes the numbers of samples collected, the number of detections of each PCOC, 
the ranges of the detections, and numbers and percentages of the detections that exceeded 
background. 

II.3.2.2.1 Non-Radiological Inorganic Potential Contaminants of Concern 

This section presents the results of the analyses for the non-radiological PCOCs, 
beryllium, cadmium, mercury, nitrate, and silver. For the most part, the highest concentrations 
for each of the respective PCOCs occurs in the immediate vicinity of the SEPs, with the 
exception of nitrate. Nitrate appears most elevated in the vicinity of the ground water seeps 
located north of SEPs 207-A and 207-C. The analytical results are presented in tabular format 
in Table 11.3.2-4 and graphically on Figures II.3.2-3 through II.3.2-7. The figures show all 
analytical results above background in red for clarity. The following are discussions of each of 
the PCOCs. 

022/722437/13 . W F  
e 
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TABLE 11.3.2-2 

POTENTIAL CONTAMINANTS OF CONCERN IN OU4 SURFICIAL SOILS 

NON- 
RADIOLOGICAL 
INORGANICS 

beryllium 

cadmium 

calcium 

mercury 

nitratehitrite 

silicon 

silver 

sodium 

RADI0NUCLII)ES 

americium-24 1 

cesium- 134 

gross alpha 

plutonium-239/240 

tritium 

uranium-23 3 /234 

~ranium-235 

uranium-23 8 

SEMI-VOLATILE 
ORGANICS 

benzo( a)antRracene 

benzo(a)p yrene 

benzo(b) fluoranthene 

benzo(ghi)perylene 

benzo(k) fluoranthene 

bis(2-ethyihexyl)phthalate 
chrysene 

di-n-butyl phthalate 

fluoranthene 

indeno( 1,2,3-cd)pyrene 

phenanthrene 

pyrene 

aroclor- 1254 

3-2-2. tbl 

II.3-65 
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TABLE II3.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400S93 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
sS400993 sS4002sAE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034ffi REAL 
SS401993 SS4003SAE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE DUP SS40038AE 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
SS402493 SS4004OAE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS4OOSOAE REAL 
88403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS400S3AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL, 
40993 SS40072AE REAL SS40412AE 
40993 SS40412AE DUP SS40072AE 
41193 SS40007AE REAL 
41293 SS40071AE REAL, 
41693 SS40410AE REAL 
41793 SS40069AE DUP SS40077AE 
41793 SS40077AE REAL 
41893 SS40003AE REAL 
41993 SS40009AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TKG 
TRG 
TRG 
TRG 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

1.1 
1.4 
3.3 
1.1 
4.6 
2.2 
1.2 
1.3 
1.2 
1.1 
1.4 
1.1 
1.4 
1.1 
1.3 
1.1 
1.2 
1.1 
1.2 
1.3 
1.2 
1.1 
1.1 
1.2 
1.3 
1.3 
1.1 
1.8 
9.6 
1.8 
2.5 
1.3 
1 .5 
1.4 
1.2 
1.1 
1.2 
1.4 
1.4 
1.4 
1.3 
1.3 
1.9 
1.7 
1.2 
1.2 
1.2 
1.8 
1 .5 
1 .5 
1.7 
2.1 
1.2 
1.2 

1.1 MGKG U 
1.4 MGKG U 

5 MGKG 
1 MGKG U 
5 MGKG 
5 MGKG 

1.2 MGKG U 
1 MGKG U 
1 MGKG U 

1.1 MGKG U 
1 MGKG U 

1.1 MGKG U 
1.4 MGKG U 
1.1 MGKG U 
1.3 MGKG U 

1 MGKG U 
1 MGKG U 
1 MGKG U 

1.2 MGKG U 
1 MGKG U 
1 MGKG U 

1.1 MGKG U 
1.1 MGKG U 

1 MGKG U 
1 MGKG U 
1 MGKG U 
1 MGKG U 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG U 
5 MGKG U 
5 MGKG U 
5 MGKG U 
5 MG/KG U 
5 MGKG U 
1 MGKG U 
1 MGKG U 
1 MGKG U 
1 MGKG U 
1 MGKG U 
S MGKG U 
5 MGKG U 

1.2 MGKG U 
5 MG/KG U 
5 MGKG U 
2 MGKG U 
5 MGKG U 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG U 
1 MGKG U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

Page 1 of 16 3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 
TT 9 f 3  



TABLE 11.3.2-4 " 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Location Sample No. QC CodeEartner Type Chemical Result Limit Units Qual. ---.---------- D*--------------- __------- -------_--------- -------*_ 

42093 SS40013AE DUP SS40480AE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS4009OAE REAL TRG 
44193 SS40011AE REAL TRG 
44393 SS4OOOSAE REAL TRG 
44593 S!MOOOlAE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

46193 SS40096AE REAL TRG BERYLLIUM 

*------.---- 

1 
1 

1.2 
1.1 
1.6 
1.1 
1.1 
1.3 
1.1 
1.1 
3.6 
2.3 
1.1 
1.2 
1.1 
1.1 
1.1 
1.4 
1.4 
1 .5 
1.4 

_-_____-_-_- ------------ ---_----- 
1 MGKG U 
1 MGKG U 
5 MGKG U 
1 MGKG U 
2 MGKG U 
1 MGKG U 
1 MGKG U 
1 MGKG U 
5 MGKG U 
1 MGKG U 
1 MGKG 
1 MGKG 
1 MGKG U 
1 MGKG U 

1.1 MGKG U 
1 MGKG U 

1.1 MGKG U 
1 MGKG U 
1 MGKG U 
5 MGKG U 
5 MGKG U 

1.2 5 MGKG U 

Valid 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

-------__ 

3-2-4.wql Qualifiers and validation codes are explained in Table 11.3.6-1 
n f4-m 
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SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL. 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE DUP SS40038AE 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL. 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS4005OAE REAL, 
ss403593 sS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL SS40412AE 
40993 SS40412AE DUP SS40072AE 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40069AE DUP SS40077AE 
41793 SS40077AE REAL 
41893 SS40003AE REAL 
41993 SS40009AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

1.1 
12.5 
23.9 

1.1 
133 
17.3 
1.2 
1.3 
1.2 
2.5 
1.4 
1.1 
2.1 
1.1 
1 .5 
1.1 
1.2 
6.1 
2.3 
1.3 
1.2 
1.1 
1.1 
1.2 
1.3 
1.3 
1.7 

356 
194 
14.6 
382 
1.9 
2.5 
1.4 
1.2 
1.1 
1.3 
1.4 
1.4 
1.4 
1.3 
1.3 
1.9 
1.7 
3.1 
3.2 
3.2 

8 
4.3 

14.3 
25 

30.1 
6.3 
1.8 

3-2-4.wql 

1.1 MGKG U 
1.4 MGKG 

5 MGKG 
1 MGKG UN 
5 MGKG 
5 MGKG 

1 MGKG UN 
1 MGKG UN 

1 MGKG UN 

1.2 MGKG U 

1.1 MGKG 

1.1 MGKG U 
1.4 MGKG 
1.1 MGKG U 
1.3 MGKG 

1 MGKG UN 
1 MGKG UN 
1 MGKG N 

1 MGKG UN 
1 MGKG UN 

1.2 MGKG 

1.1 MGKG U 
1.1 MGKG U 
f MGKG UN 
1 MGKG UN 
1 MGKG UN 
1 MGKG N 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG U 
5 MGKG U 
5 MGKG U 
5 MGKG 
1 MGKG UN 
1 MGKG UN 
1 MGKG U 
1 MGKG U 
1 MGKG U 
5 MGKG U 
5 MGKG U 

1.2 MGKG 
5 MGKG 
5 MGKG 
2 MGKG 
5 MGKG 
1 MGKG N 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG N 

Qualifiers and validation codes are explained in Table 11.3.6-1 
TI Ln 

JA 
V 
V 
V 
V 
V 
JA 
V 
V 
JA 
V 
JA 
JA 
JA 
JA 
V 
V 
JA 
JA 
V 
V 
JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
V 
V 
V 
JA 

Page 3 of 16 



TABLE 113.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

42093 SS40013AE DUP SS40480AE 
42093 SS40480AE REAL 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS4009OAE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44593 SS40001AE REAL 
44793 SS40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

0 

3-2-4.wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRG. 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

TRG CADMIUM 

2.2 
1.5 
1.9 
1.1 
1.6 
1.7 
5.6 
3.5 
3.7 
1.1 
42.2 
58.3 
1.1 
1.2 
1.1 
1.9 
1.1 
1.4 
1.6 
1.5 
1.9 
6.4 

1 MGKG N 
1 MGKG N 
5 MGKG 
1 MGKG U 
2 MGKG U 
1 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
1 MGKG U 
1 MGKG N 
1 MG/KG 
1 MGKG U 
1 MGKG U 

1.1 MGKG U 
1 MGKG 

1.1 MGKG U 
1 MGKG UN 
1 MGKG N 
5 MGKG U 
5 MGKG 
5 MGKG 

Qualifiers and validation codes are explained in Table II.3.6-1 
IT CI rm 

JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
JA 
V 
JA 
V 
JA 
V 
V 
V 
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TABLE 113.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL. TRG 
SS400493 SS40020AE REAL TRG 
ss400593 sS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40027AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40016AE DUP SS40038AE TRG 
SS402293 SS40038AE REAL TRG 

SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048A.E REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4005OAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 Ss40412AE DUP SS40072A.E TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS4041OAE REAL TRG 
41793 SS40069AE DUP SS40077AE TRG 
41793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 

@ SS402393 SS40039AE REAL TRG 

0 

CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

25700 
11600 
19300 
5960 
3090 

68400 
7860 
2240 
3140 
5430 
10800 
24200 
3500 
24300 
2810 
5230 
3450 
40100 
15100 
4610 
1290 
1110 
8200 
7610 
6100 
4730 
7620 
5650 
63200 
248000 
18100 
55500 
31500 
7800 
7490 
5900 
5730 
6260 
4530 
9760 
10400 
39400 
20400 
29700 
13000 
12500 
44100 
22800 
11300 
31500 
30000 
10500 

I 9250 

2269.9 MGKG 
2848.6 MGKG 
1000 MGKG 
1099 MGKG * 
1000 MGKG 
1000 MGKG 

2325.3 MGKG 
1305 MGKG * 
1163 MGKG * 

1408 MGKG * 
2263.7 MGKG 

2240.1 MGKG 
2890.6 MGKG 
2207.7 MGKG 
2787.3 MGKG 
1062 MGKG * 
1178 MGKG * 
1101 MGKG * 

1284 MGKG * 
1153 MGKG 

2314.8 MGKG 

2112.6 MGKG 
2120.9 MGKG 
1157 MGKG 
1300 MGKG * 
1342 MGKG * 
1135 MGKG * 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1372 MGKG 
1422 MGKG * 
2829 MGKG 
1295 MGKG 
2670 MGKG 
1000 MGKG 
1000 MGKG 

2415.5 MGKG 
1000 MGKG 
1000 MGKG 
1802 MGKG 
1000 MGKG 
1337 MGMG E 
1145 MGMG 
1138 MGMG 
2436 MGKG 

6980 1192 MGMG 

V 
V 
V 
JA 
V 
V 
V 
JA 
JA 
V 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
V 
JA 
JA 
V 
V 
JA 
JA 
SA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 

3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 
TT 9 7 1  
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TABLE II.33-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result 
Location Sample No. QC Codepartner Type Chemical 
- _ _ _ _ _ _ _ _ D ~ _ _ _  D-___-__________- o-------- -----_--_s------D --------- _D_-D-----~---------------. 

42093 SS40013AE DUP SS4048OAE TRG CALCIUM 
42093 SS4048OAE REAL TRG CALCIUM 
42293 SS40078AE REAL TRG CALCIUM 
42393 SS40079AE REAL TRG CALCIUM 
42693 SS4008OAE REAL TRG CALCIUM 
42993 SS40056AE REAL TRG CALCIUM 
43193 SS40084AE REAL TRG CALCIUM 
43293 SS40006AE REAL TRG CALCIUM 
43493 SS40086AE REAL TRG CALCIUM 
43593 SS40061AE REAL TRG CALCIUM 
43793 SS40088AE REAL TRG CALCIUM 
43893 SS4OOlOAE REAL TRG CALCIUM 
43993 SS40091AE REAL TRG CALCIUM 
44093 SS4009OAE REAL TRG CALCIUM 
44193 SS40011AE REAL TRG CALCIUM 
44393 SS40005AE REAL TRG CALCIUM 
44593 SS40001AE REAL TRG CALCIUM 
44793 SS40055AE REAL TRG CALCIUM 
44893 SS40070AE REAL TRG CALCIUM 
45693 SS40094AE REAL TRG CALCIUM 
45793 SS40015AE REAL TRG CALCIUM 
46193 SS40096AE REAL TRG CALCIUM 

Result 

1870 
2360 

56500 
6990 
4630 
7430 

39500 
4680 

79400 
4970 

13500 
69600 
15100 
72500 

1600 
29800 
21100 
17000 
5560 

40700 
16000 
32100 

.__ ------------ 
Detect Lab 

Limit Units Qual. 
----------__ --__________ ----. 

1028 MGKG 
1030 MGKG 
1000 MGKG * 
2141 MGKG 
1550 MGKG 
2281 MGKG 
1101 MGKG 
1255 MGKG 
1000 MGKG * 
2101 MGKG 
1167 MGKG E 
1182 MGKG 
1130 MGKG 
1192 MGKG 

2255.3 MGKG 
2294 MGKG 

2199.5 MGKG 
1404 MGKG 
1449 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 

Valid 

V 
V 
JA 
V 
V 
V 
V 
V 
JA 
V 
JA 
V 
V 
V 
V 
V 
v .  
V 
V 
V 
V 
V 

- - - - - - - - - 

3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 
TT 7-73 
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TABLE U33-4 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400.593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030ffi REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE D W  SS40038AE 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS4005OAE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL SS40412AE 
40993 SS40412AE D W  SS40072AE 
41193 SS40007A.E REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40069AE DUP SS40077AE 
41793 SS40077AE REAL 
41893 SS40003AE REAL 
41993 SS40009AE REAL 

3-2-4.wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 

0.05 
0.14 
0.2 

0.05 
0.78 
0.11 
0.06 
0.06 
0.06 
0.07 
0.07 
0.05 
0.07 
0.05 
0.08 
0.05 
0.06 
0.05 
0.05 
0.06 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
0.05 
1.8 

0.34 
0.11 
1.7 

0.13 
0.15 
0.14 
0.12 
0.11 
0.12 
0.21 
0.07 
0.21 
0.13 
0.2 

0.19 
0.17 
0.06 
0.12 
0.12 
0.18 
0.15 
0.13 
0.11 
0.11 
0.35 
0.18 

0.2 MGKG UN 
0.3 MGKG BN 
0.2 MGKG N 

0.04 MGKG U 
0.2 MGKG N 
0.2 MGKG UN 
0.2 MGKG UN 

0.05 MGKG U 
0.05 MGKG U 

0.06 MGKG U 
0.2 MGKG BN 

0.2 MGKG UN 
0.3 MGKG UN 
0.2 MGKG UN 
0.3 MGKG BN 

0.04 MGKG U 
0.05 MGKG U 
0.04 MGKG U 

0.05 MGKG U 
0.05 MGKG U 

0.2 MGKG UN 

0.2 MGKG UN 
0.2 MGKG UN 

0.05 MGKG U 
0.05 MGKG U 
0.05 MGKG U 
0.05 MGKG U 
0.2 MGKG N 
0.2 MGKG N 
0.2 MGKG UN 
0.2 MGKG N 
0.2 MGKG UN 
0.2 MGKG UN 
0.2 MGKG UN 
0.2 MGKG U 
0.2 MGKG U 
0.2 MGKG U 
0.1 MGKG 

0.06 MGKG U 
0.3 MGKG 

0.05 MGKG U 
0.3 MGKG 
0.2 MGKG U 
0.2 MGKG U 
0.2 MGKG UN 
0.2 MGKG U 
0.2 MGKG U 

0.07 MGKG U 
0.2 MGKG U 

0.05 MGKG U 
0.05 MGKG U 
0.05 MGKG U 
0.2 MGKG 

0.05 MGKG 

Qualifiers and validation codes are explained in Table II.3.6-1 
n.3-73 

R 
JA 
JA 
V 
JA 
V 
R 
V 
V 
JA 
V 
JA 
R 
R 
JA 
V 
V 
V 
R 
V 
V 
JA 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
JA 
V 
V 
V 
V 
V 
JA 
V 
JA 
JA 
JA 
R 
JA 
JA 
V 
JA 
V 
V 
V 
JA 
V 
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TABLE 113.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Location Sample No. QC Codepartner Type Chemical Result Limit Units Qual. 
~ _ _ o - _ _ ~ _ D _ _ - _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ I - - _  -___-____ _______-_-_----_- __----___ 

42093 SS40013AE D W  SS40480AE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL. TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS400tOAE REAL TRG 
43993 sS40091AE REAL TRG 
44093 SS4009Oi4E REAL TRG 
44193 SS40011AE REAL TRG 
44393 ss40005AE REAL TRG 
44593 SS40001AE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL . TRG 
45693 SS40094AE REAL TRG 
45793 SS40025AE REAL TRG 
46193 SS40096AE REAL TRG 

MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 

0.05 
0.12 
0.18 
0.13 
0.16 
0.14 
0.33 
0.13 
0.17 
0.05 
0.48 
0.12 
0.11 
0.12 
0.05 
0.4 

0.05 
0.07 
0.17 
0.15 
0.14 
0.12 

-___________ ------------ --------- 
0.04 MGKG U 
0.04 MGKG 
0.2 MGKG U 
0.2 MGKG 

0.06 MGKG U 
0.2 MGKG 

0.04 MGKG 
0.05 MGKG U 
0.2 MGKG U 
0.2 MGKG U 

0.05 MGKG 
0.05 MGKG U 

0 MGKG U 
0.05 MGKG U 
0.2 MGKG UN 
0.2 MGKG 
0.2 MGKG UN 
0.1 MGKG U 
0.1 MGKG 
0.2 MGKG UN 
0.2 MGKG UN 
0.2 MGKG U 

Valid 

V 
V 
V 
JA 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
R 
V 
V 
JA 
JA 
V 

_________ 

3-2-4.wql Qualifiers and validation codes are explained in Table 11.3.6-1 

TT 2-7A 
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TABLE 113.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

40093 
40193 
40293 
40393 
40593 
40693 
40793 
40893 
40993 
40993 
41193 
41293 
41693 
41793 
41793 
41893 
41993 
42093 

SS40060AE REAL 
SS40485AE REAL 
SS40042AE REAL 
SS40053AE REAL 
SS40054AE REAL 
SS40057AE REAL 
SS40058AE REAL 
SS40004AE REAL 
SS40412AE DUP SS40072AE 
SS40072AE REAL SS40412AE 
SS40007AE REAL 
SS40071AE REAL 
SS40410AE REAL 
SS40069AE DUP SS40077AE 
SS40077AE REAL 
SS40003AE REAL 
SS40009AE REAL 
SS40013AE DUP SS40480AE 

42093 SS40480AE 
42293 SS40078AE 
42393 SS40079AE 
42693 SS40080AE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 
43593 SS40061AE 
43793 SS40088AE 
43893 SS40010AE 
43993 SS40091AE 
44093 SS4009OAE 
44193 SS40011AE 
44393 sS4ooosAE 
44593 sS40001AE 
44793 sS40055AE 
44893 SS40070AE 
45693 SS40094AE 
45793 sS4001sAE 
46193 SS40096AE 

SS400193 SS40017AE 
SS400293 SS40018AE 
SS400393 SS40019AE 
SS400493 SS40020AE 
SS400593 SS40021AE 
SS400693 SS40022AE 
SS400793 SS40023AE 
SS400893 SS40024AE 
SS400993 SS40025AE 
SS401093 SS40026AE 
SS401193 SS40027AE 
SS401293 SS40028AE 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 SS40031AE 

3-2-4. wql 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
D E  
TRG 
TRG 
DIL 
DIL 
TRG 
DIL 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
DIL 
TRG 
DIL 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

NITRATENTRITE 
NITRATE- 
NITRATEMTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATEDWI-RITE 
NITRA,lEmmum 
NITRATENTRITE 
NITRATENITRITE 
NITRATEPUTRm 
NITRATENTRITE 
NITRA,lEmmum 
NITRATENTRITE 
NITRATENTRITE 
NITRATEMITRITE 
NITRATE- 
NITRATEPUTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATE- 
NITRATENITRITE 
N I T R A T E m  
NITRATEPUTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATEWRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATEWRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATEPUTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 

1.27 
4.7 
1.3 
1.4 
6.4 

29.8 
7.69 
2.94 
22.8 
20.7 
16.8 
38.9 
15.5 
8.1 
8.5 
7.8 
6.7 
153 
112 
1.33 
7.8 

13.6 
8.3 
5.1 

13.6 
1.03 
2.6 

5.99 
10 

2.7 
19.8 
1.6 
1.6 

83.3 
2.2 
4.6 
369 
19.5 
272 

1 
14.6 
6.24 
1.13 
11.9 
0.73 
2.9 

3.37 
1.92 
1.9 

2.33 
0.84 
250 
1.9 
4.1 

0.28 MGKG 
0.28 MGKG 
0.27 MGKG 
0.27 MGKG 
0.28 MGKG 
1.08 MGKG 
0.35 MGKG 
0.2 MGKG 

0.71 MGKG 
0.71 MGKG 
0.24 MGKG 
1.33 MGKG 
0.27 MGKG 
0.23 MGKG 
0.23 MGKG 
0.24 MGKG 
0.24 MGKG 
0.21 MGKG 
0.21 MGKG 
0.23 MGKG 
0.21 MGKG 
0.31 MGKG 
0.22 MGKG 
0.22 MGKG 
0.25 MGKG 
0.23 MGKG 
0.21 MGKG 
0.23 MGKG 
0.24 MGKG 
0.23 MGKG 
0.24 MGKG 
0.22 MGKG 
0.23 MGKG 
0.2 MGKG 

0.27 MGKG 
0.26 MGKG 
5.7 MGKG 
0.3 MGKG 

6.22 MGKG 
0.22 MGKG 
0.27 MGKG 
0.21 MGKG 
0.23 MGKG 
0.2 MGKG 

0.22 MGKG 
0.23 MGKG 
0.27 MGKG 
0.23 MGKG 
0.22 MGKG 
0.29 MGKG 
0.22 MGKG 
0.28 MGKG 
0.23 MGKG 
0.26 MGKG 

Qualifiers and validation codes are explained in Table 11.3.6-1 

n ?-7C 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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TABLE I13.2-4 

Location 

SS401693 
SS401793 
SS401893 
SS401993 
SS402093 
SS402193 
SS402293 
SS402293 
SS402393 
SS402493 
SS402593 
SS402693 
SS402793 
SS402893 
SS402993 
SS403093 
SS403193 
SS403293 
SS403393 
SS403493 
SS403593 
SS403693 

L.*--o-o----_-- 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Sample No. QC CodePartner 

SS40032AE REAL 
SS40033AE REAL 
SS40034AE REAL 
SS40035AE REAL 
SS40036AE REAL 
SS40037AE REAL 
SS40016AE DUP SS40038AE 
SS40038AE REAL 
SS40039AE REAL 
SS4004OAE REAL 
SS40041AE REAL 
sS40199AE REAL 
SS40043AE REAL 
SS40044AE REAL 
SS4004SAE REAL 
SS40046AE REAL 
SS40047AE REAL 
SS40048AE REAL 
SS40049AE REAL 
SS4OOSOAE REAL 
SS40051AE REAL 
SS40052AE REAL 

--p------D-----.- -----_--_ ---_----------..__ 

Result 
Type Chemical 

TRG NITRATE- 
TRG NITRATE/”llUTE 
TRG NITRATEMITRITE 
TRG “ I T R I T E  
TRG NITRATE/NITRITE 
TRG NITRATEMITRITE 
TRG NITRATEMITRITE 
TRG NITRATEMlTWE 
TRG NITRATEMITRITE 
TRG NITRATENTRITE 
TRG NITRATEMITRITE 
TRG “RATEMITRITE 
TRG NITRATEMITRITE 
DE. NITRATEDJITRITE 
TRG N I T R A T E ” E  
DIL NITRA”TRITE 
DIL NITRA”ITRITE 
TRG NITRATEMITRITE 
DIL NITRATEMITRITE 
TRG MTRATEMITRITE 
TRG NITRATEMITRITE 
TRG NITRATE-ITE 

D-------- -___._-----________D--------- 

Result 

4.57 
1.41 
2.31 
0.66 
3.72 
7.44 
1 .s 
1.8 

1.42 
2.86 
2.19 
3.67 
3.42 
21.5 
4.81 
464 
765 
1.83 
429 
3.78 
4.78 
1.9 

------------ 
Detect 

Limit units ------------ ------------ 
0.21 MGKG 
0.24 MGKG 
0.23 MGKG 
0.24 MGKG 
0.24 MGKG 
0.24 MGKG 
0.21 MGKG 
0.21 MGKG 
0.23 MGKG 
0.26 MGKG 
0.27 MGKG 
0.23 MGKG 
0.22 MGKG 
1.06 MGKG 
0.21 MGKG 
21.1 MGKG 
27.5 MGKG 
0.27 MGKG 
18.9 MGKG 
0.25 MGKG 
0.24 MGKG. 
0.23 MGKG 

Lab 
Qual. Valid 
--------- --------- 

V 
V 
V 
V 

’ V  
‘ V  

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 

II. 3-76 
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TABLE 1133-4 

SURFICLAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result 
Location Sample No. QC Codepartner Type 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
SS400493 SS40020AE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40016AE DUP SS40038AE TRG 
SS402293 SS40038AE REAL TRG 

SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4005OAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE D W  SS40072AE TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40069AE D W  SS40077AE TRG 

41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 

-------------- -----_--------_-- --------- _-_________--____ ___---___ 

@ SS402393 SS40039AE REAL TRG 

a 41793 SS40077AE REAL TRG 

Chemical 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

Result 

1710 
2540 
6420 
1720 
3610 
4200 
1770 
3660 
2440 
1350 
3500 
1210 
2040 
1130 
1680 
1260 
3070 
1600 
1190 
3630 
2360 
1000 
866 

2060 
4480 
3730 
1630 
4030 
4100 
4910 

11300 
11300 
10100 
6120 
2530 
2210 
2370 
2340 
4570 
1190 
3550 
1240 
3880 
3430 
1860 
2890 
2870 
4530 
3320 
2020 
4070 
4300 
1110 
1550 

------------ 
Detect Lab 
Limit Units Qual. ------------ ------------ --------- 

22.7 MGKG 
28.5 MGKG 
100 MGKG 
22 MGKG 

100 MGKG 
100 MGKG 

23.3 MGKG 
26 MGKG 
23 MGKG 

22.6 MGKG 
28 MGKG 

22.4 MGKG 
28.9 MGKG 
22.1 MGKG 
25.9 MGKG 

21 MGKG 
24 MGKG 
22 MGKG 

23.1 MGKG 
26 MGKG 
23 MGKG 

21.1 MGKG 
21.2 MGKG 

23 MGKG 
26 MGKG 
27 MGKG 
23 MGKG 

100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG E 
100 MGKG E 
100 MGKG E 
27 MGKG 
28 MGKG 
28 MGKG N 
26 MGKG 
27 MGKG N 

100 MGKG 
100 MGKG 

24.2 MGKG 
100 MGKG 
100 MGKG 
36 MGKG 

27 MGKG E 
23 MGKG 
23 MGKG 
24 MGKG N 
24 MGKG 

io0 MGKG 

Valid 

JA 
JA 
JA 
SA 
JA ' 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
SA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
SA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

- - - - - - - - - 

3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 
n 1-77 
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TABLE II3.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result 
Location Sample No. QC Codepartner Type Chemical 
_ -c___________  --_-------------- --------- ----------------- -9..-----_ 

42093 SS40013AE DUP SS40480AE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061A.E REAL TRG 
43793 SS40088AE REAL TRG 
43893 sS4001oAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS4009OAE REAL TRG 
44193 SS40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44593 SS40001AE REAL TRG 
44793 sS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

Result 

659 
573 

10400 
808 

3920 
595 

3160 
2600 
8430 
463 

1280 
2610 
1970 
4400 
1370 
738 

1460 
1830 
1690 
9430 
1280 
4230 

_- . .______o_~ 

Detect Lab 
Limit Units Qual. 

-----_------ ---------_-- --------- 
21 MGKG 
21 MGKG 

100 MGKG 
21 MGKG N 
31 MGKG 
23 MGKG N 
22 MGKG 
25 MGKG 

100 MGKG 
21 MGKG N 
23 MGKG E 
24 MGKG 
23 MGKG 
24 MGKG 

22.6 MGKG 
23 MGKG N 
22 MGKG 
28 MGKG 
29 MGKG 

100 MGKG 
100 MGKG 
100 MGKG * 

3-2-4.wql Qualifiers and validation codes are explained in Table XI.3.6-1 

TT 2-79 

Valid 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

--_-_____ 
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TABLE n3.2-4 

SURFlCIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
SS400493 SS40020AE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS4002SAE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40016AE DUP SS40038AE TRG 
SS402293 SS40038AE REAL TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS4004OAE REAL TRG 
SS402593 SS4004fAE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4OOSOAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 Ss40412AE DUP SS40072AE TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40069AE D W  SS40077AE TRG 
41793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 

3-2-4.wql 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

2.3 
2.8 
1.1 
2.2 
1.6 
1.1 
2.3 
2.6 
2.3 
2.3 
2.8 
2.2 
2.9 
2.2 
2.6 
2.1 
2.4 
2.2 
2.3 
2.6 
2.3 
2.1 
2.1 
2.3' 
2.6 
2.7 
2.3 
1.3 
2.6 
1.1 
2.5 
1.3 
1 .5 
1.4 
2.4 
2.3 
2.4 
2.7 
2.8 
2.8 
2.6 
2.7 
3.7 
3.4 
2.4 
3.6 
2.4 
3.6 

3 
2.7 
2.3 
2.3 
2.4 
2.4 

2.3 MGKG UN 
2.8 MGKG UN 

5 MGKG UN 
2 MGKG UN 
5 MGKG BN 
5 MGKG UN 

2.3 MGKG UN 
3 MGKG UN 
2 MGKG UN 

2.3 MGKG UN 
3 MGKG UN 

2.2 MGKG UN 
2.9 MGKG UN 
2.2 MGKG UN 
2.6 MGKG UN 

2 MGKG UN 
2 MGKG UN 
2 MGKG UN 

2.3 MGKG UN 
3 MGKG UN 
2 MGKG UN 

2.1 MGKG UN 
2.1 MGKG UN 

2 MGKG UN 
3 MGKG UN 
3 MGKG UN 
2 MGKG UN 
S MGKG BN 
5 MGKG N 
5 MGKG UN 
5 MGKG UN 
5 MGKG UN 
5 MGKG UN 
5 MGKG UN 

10 MGKG U 
10 MGKG U 
10 MGKG U 
3 MGKG UN 
3 MGKG UN 
3 MGKG UN 
3 MGKG UN 
3 MGKG UN 

10 MGKG UN 
10 MGKG UN 

2.4 MGKG UN 
10 MGKG N 
10 MGKG UN 
4 MGKG UN 

10 MGEG UN 
3 MGKG UN 
2 MGKG UN 
2 MGKG UN 
2 MGKG UN 
2 MGEG UN 

Qualifiers and validation codes are explained in Table 11.3.6-1 
TI. 3-79 

JA 
JA 
V 
JA 
JA 
V 
JA 
JA 
SA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
SA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
V 
V 
JA 
V 
V 
JA 
V 
JA 
JA 
JA 
JA 
JA 
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TABLE II3.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Location Sample No. QC Codepartner Type Chemical Result Limit Units Qual. 
--s-_--------D ..------------_-_- __-_-_______-_--- 

42093 SS40013AE D W  SS40480AE 
42093 SS4048OAE REAL 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS4008OAE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL ' 

43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090.AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44593 SS40001AE REAL 
44793 SS40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

- - - - - - - D 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

2.1 
2.1 
2.4 
2.1 
3.1 
2.3 
2.2 
2.5 
2.3 
2.1 
2.3 
2.4 
2.3 
2.4 
2.3 
2.3 
2.2 
2.8 
2.9 
2.9 
2.8 
2.5 

______----__ ______I-_-_ _-_______ 
2 MGKG UN 
2 MGKG UN 

10 MGKG UN 
2 MGKG UN 
3 MGKG UN 
2 MGKG UN 
2 MGKG UN 
3 MGKG UN 

10 MGKG UN 
2 MGKG UN 
2 MGKG UN 
2 MGKG UN 
2 MGKG UN 
2 MGKG UN 

2.3 MGKG UN 
2 MGKG UN 

2.2 MGKG N 
3 MGKG UN 
3 MGKG UN 

10 MGKG UN 
10 MGKG UN 
10 MGKG UN 

Valid 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
SA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 

- - - - - - - - 

3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 

n.3-80 
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TABLE II33-4 

SURFKXAL sorL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Location Sample No. QC Codepartner Type Chemical Result Limit Units Qual. Valid 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
SS400493 SS40020AE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40016AE DUP SS40038AE TRG 
SS402293 SS40038AE REAL TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS4004OAE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4005OAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS4048SAE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS400S7AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE DUP SS40072AE TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40069AE D W  SS40077AE TRG 
41793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 

SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 

227 
285 
213 
220 
204 
214 
233 
261 
233 
226 
282 
224 
901 
221 
259 
212 
236 
220 
231 
257 
23 1 
211 
212 
23 1 
260 
268 
227 
212 
390 
212 

1620 
2440 
310 

1270 
240 
227 
245 
274 
284 
283 
279 
267 

1150 
340 
242 
230 
240 
360 
300 
841 
229 
228 
244 
238 

2269.9 MGKG U 
2848.6 MGKG U 

1000 MGKG U 
1099 MGKG U 
1000 MGKG U 
1000 .MG/KG U 

2325.3 MGKG U 
1305 MGKG U 
1163 MGKG U 

2263.7 MGKG U 
1408 MGKG U 

2240.1 MGKG U 
2890.6 MGKG B 
2207.7 MGKG U 
2587.3 MGKG U 

1062 MGKG U 
1178 MGKG U 
1101 MGKG U 

2314.8 MGKG U 
1284 MGKG U 
1153 MGKG U 

2112.6 MGKG U 
2120.9 MGKG U 

1157 MGKG U 
1300 MGKG U 
1342 MGKG U 
1135 MGKG U 
1000 MGKG U 
1000 MGKG B 
1000 MGKG U 
1000 MGKG B 
1000 MGKG 
1000 MGKG U 
1000 MGKG B 
1000 MGKG U 
1000 MGKG U 
1000 MGKG U 
1372 MGKG U 
1422 MGKG U 
2829 MGKG U 
1295 MGMG U 
2670 MGKG U 
1000 MGKG B 
1000 MGMG U 

2415.5 MGKG U 
1000 MGKG U 
lo00 MGKG U 
1802 MGMG U 
1000 MGMG U 
1337 MGKG B 
1145 MGKG U 
1138 MGMG U 
2436 MGMG U 
1192 MGKG U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

3-2-4.wql Qualifiers and validation codes are explained in Table II.3.6-1 

II.3-81 
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TABLE II3.2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Location Sample No. QC Codepartner Type Chemical Result Limit Units Qual. 
-------------- ----------------- --.------ -------o_-----__- _--.----- 

42093 SS40013AE DUP SS40480AE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS4008OAE REAL TRG 
42993 SS40056A.E REAL TRG 
43193 SS40084AE REAL, TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS4009OAE REAL TRG 
44193 SS40011AE REAL TRG 
44393 sS40005AE REAL TRG 
44593 SS40001AE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 

----------- 
339 
378 
240 
214 
310 
381 
220 
251 
230 
639 
233 
236 
226 
238 
225 
229 
220 
281 
290 

1490 
280 

1300 

------------ ------------ -________ 
1028 MGKG B 
1030 MGKG B 
1000 MGKG U 
2141 MGKG U 
1550 MGKG U 
2281 MGKG B 
1101 MGKG U 
1255 M G K G  U 
1000 MGKG U 
2101 MGKG B 
1167 MGKG U 
1182 M G K G  U 
1130 MGKG U 
1192 MGKG U 

2255.3 MGKG U 
2294 MGKG U 

2199.5 MGKG U 
1404 MGKG U 
1449 MGKG U 
1000 MGKG 
1000 MGKG U 
1000 MGKG 

Valid 

V 
V 
JA 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 

- - - - - - - - - 

3-2-4. wql Qualifiers and validation codes are explained in Table 11.3.6-1 
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Beryllium 

Beryllium ranged. from below detection limit to 9.6 milligrams per kilogram (mglkg). 
As shown on Figure II.3.2-3, the highest beryllium concentration was detected in sample 
SS402893, near the northeastern corner of SEP 207-A. Elevated beryllium was also observed 
in sample SS403093, located in a seep between and north of SEP 207-A and SEP 207-B-N0rth, 
near the 207-B drain tile discharge (which is discussed in more detail in Section II.4, Nature and 
Extent of Contamination). The only other beryllium concentrations above detection limit were 
from samples in the immediate vicinity of SEP 207-A, and one sample from borehole 41793 
located immediately east of SEP 207-B-North. Beryllium was detected in 1 1  of the 72 (15 
percent) suflicial soil samples analyzed above background. It is noted, however, that the 
calculated background concentration of 0.92 mg/kg is less than the contract-required detection 
limit (CRDL) for beryllium. 

Cadmium 

Figure II.3.2-4 shows the results of the surficial soil cadmium analyses. Cadmium 
ranged from below detection limit to 382 mg/kg and was detected in 37 of the 72 samples 
analyzed (51 percent). As with beryllium, all the detections of cadmium are above background 
since the calculated background value of 0.64 mg/kg is below the CRDL for cadmium. The 
highest concentration (382 mglkg) was detected near a drainage tile seep between and north of 
SEPs 207-A and 207-B North. Other elevated cadmium concentrations were detected near the 
western, eastern, and northeastern berms of SEP 207-A (Samples SS402793, SS400593, and 
SS4002893, respectively). The locations where cadmium was not detected are generally the 
sampling locations that are distal from the SEPs, such as in the buffer zone. 

a 
Mercury 

Mercury concentrations ranged from below detection limit to 1.8 mg/kg as shown on 
Figure II.3.2-6. Twenty of the 72 samples analyzed (26 percent) contained mercury above 
detection limits. The highest concentration occurred in surficial soil sample SS402793, on the 
western perimeter of SEP 207-A. Coincidentally, the second highest cadmium concentration in 
OU4 was also detected in this sample. Other concentrations of mercury above detection limits 
were located in the immediate vicinity of the SEPs, and sporadically in the ITS area outside the 
PA. These detections also are above background since the calculated background concentration 
for mercury of 0.03 mg/kg is below the CRDL for mercury. 

Nitrate 

Nitrate was detected above the detection limit in all surficial soil samples analyzed. The 
distribution of nitrate is shown on Figure II.3.2-6. The highest concentrations occurred in 
samples located in the seep areas north of SEP 207-A and SEP 207-C. The four discrete samples 
collected to investigate seep areas were found to contain some of the highest nitrate 
concentrations within OU4 surficial soils and ranged from approximately 250 mg/kg to 765 
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mg/kg. Soil samples collected in the immediate SEP vicinity were much lower in concentration, 
generally between 10 and 100 mg/kg. Nitrate was detected above 10 mglkg in approximately 
29 percent of the samples, and above 100 mg/kg in approximately 10 percent of samples 
analyzed. Of the 72 samples analyzed, 67 (93 percent) exceeded the calculated background 
concentration of 1.1 1 mg/kg. 

e 
Silver 

Silver was detected in five of the 72 samples analyzed (7 percent), as shown on Figure 
II.3.2-7. Each of these detections exceeded the calculated background concentration of 0.58 
mg/kg, since the background concentration is below the CRDL for silver. The five detections 
all occur on the berms of the SEPs as shown on Figure II.3.2-7. 

In summary, the highest concentrations of the non-radiological inorganic PCOCs 
generally occur in the immediate vicinity of the SEPs, predominantly on the berms. Detections 
are also observed in the seep area north of the SEPs and at the drainage tile outfall between 
SEPs 207-A and 207-B North. The highest nitrate concentrations occur in the seep areas north 
of the SWs. Section II.4 provides greater detail regarding the extent of these PCOCs at OU4. 

11.3.2.2.2 Radionuclide Potential Contaminants of Concern 

This section presents the results of the surficial soil radionuclide analyses. The analytical 
results are tabulated in Table II.3.2-5 and are presented graphically on Figures II.3.2-8 through 
II.3.2-15. All results above background are indicated in red on the figures. 0 
Americium-24 1 

The surficial soil americium-241 analytical results are presented on Figure II.3.2-8. 
Americium was detected in 69 of the 71 samples analyzed (two results were rejected), all of 
which exceeded the calculated background for americium of 0.027 pCi/g. The americium 
concentrations ranged from 0.028 to 220 pCi/g. The highest concentrations occur in the 
immediate vicinity of the SEPs on the berms. Section II.4, Nature and Extent of Contamination, 
discusses the distribution of americium in greater detail. 

Cesium- 134 

Cesium-134 was analyzed in only 27 samples and was detected in 22 of the 27 (81 
percent). The results are presented on Figure 11.3.2-9 and Table II.3.2-5. Cesium 
concentrations ranged from -0.067 to 0.0319 pCi/g. Negative results are not unusual for 
radionuclide analyses and indicate that the result is less than background at the laboratory 
making the measurements. No background measurements of cesium-134 were made at the RFP, 
and thus, all the detections are shown in red on Figure 11.3.2-9. No discernable distribution of 
cesium-134 is apparent on Figure II.3.2-9. 

a 022/722437/13 .WPF 
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TABLE II.3.2-5 

SURFICIALSOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Loeation Sample No. 

ss400193 SS40017AE 
SS400293 SS40018AE 
ss400393 sS40019AE 
SS400493 sS4002QAE 
SS400593 sS40021AE 
SS400693 SS40022AE 
ss400793 ss4oM3AE 
ss400893 ss40024AE 
sS400993 sS40025AE 
SS401093 SS40026AE 
SS401193 SS40027AE 
SS401293 sS40028AE 
SS401393 sS40029AE 
SS401493 sS4003OAE 
ss401593 SS4003lAE 
SS401693 sS40032AE 
SS401793 sS40033AE 
SS401893 SS40034AE 
SS401993 sS40035AE 
SS402093 SS40036AE 
SS402193 sS40037AE 
ss402293 sS40038AE 
SS402293 SS40016AE 
ss402393 sS40039AE 
SS402493 SS40040AE 
ss402593 sS40041AE 
SS402693 SS40199AE 
ss402793 ssQoo43AE 
SS402893 ss40044AE 
SS402993 SS40045AE 
SS403093 sS40046AE 
SS403193 sS40047AE 
SS403293 sS40048AE 
SS403393 SS40049AE 
ss403493 sS4005oAE 
SS403593 sS40051AE 
NO3693 sS40052AE 

40093 sS4006oAE 
40193 SS40485AE 
40293 sS40042AE 
40393 SS40053AE 
40593 SS40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 SS40071AE 
41693 SS40410AE 
41793 SS40077AE 
41793 SS40069AE 
41893 Ss4ooo3AE 
41993 Ss4ooo9AE 
42093 SS40480AE 
42293 SS40078AE 
42393 SS40079AE 
42693 SS40080AE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 

-------------- -------___ 

3-2-5.wql 

QC CodePartner 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP sS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL SS40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

. 

Result 
Type Chemical Result 

. _------------------- 
TRG AMERICIUM241 0.4795 
TRG AMERICIUM241 2.783 
TRG AMERICIUM241 27 
TRG AMERICIUM-241 0.7054 
TRG AMERICIUM-241 92 
TRG AMERICIUM241 55 
TRG AMERICIUM-241 1.147 
TRG AMERICIUM-241 0.1974 
TRG AMERICIUM-241 20.18 
TRG AMERICIUM-241 1.035 
TRG AMERICIUM441 0.0333 
TRG AMERICIUM-241 0.0584 
TRG AMERICIUM241 0.2156 
TRG AMERICIUM241 1.238 

TRG AMERICIUM-241 2.132 
TRG AMERICIUM241 0.1631 
TRG AMERICIUM-241 16.43 
TRG AMERICIUM241 7.045 
TRG AMERICIUM-241 0.126 
TRG AMERICIUM-241 2.105 
TRG AMERICIUM241 0.054 
TRG AMERICIUM441 0.07 
TRG AMERICIUM-241 1.381 
TRG AMERICIUM-241 0.0522 
TRG AMERICIUM-241 0.0363 
TRG AMERICIUM241 0.3602 
TRG AMERICIUM-241 220 
TRG AMERICIUM-241 130 
TRG AMERICIUM-241 3.2 
TRG AMERICIUM-241 7.5 
TRG AMERICIUM-241 0.45 
TRG AMERICIUM241 0.93 
TRG AMERICIUM-241 0.2 
TRG AMERICIUM241 0.046 
TRG AMERICIUM241 0.046 
TRG AMERICIUM-241 0.25 
TRG AMERICIUM-241 0.035 
TRG AMERICIUM-241 0.0519 
TRG AMERICIUM-241 0.028 
TRG AMERICIUM-241 0.081 
TRG AMERICIUM-241 0.04 
TRG AMERICIUM-241 0.58 
TRG AMERICIUM-241 2.1 
TRG AMERICIUM-241 1.5 
TRG AMERICIUM-241 2.5 
TRG AMERICIUM241 2.5 
TRG AMERICIUM-241 4.5 
TRG AMERICIUM-241 2 
TRG AMERICIUM241 12 
TRG AMERICIUM-241 8.962 
TRG AMERICIUM241 10.79 
TRG AMERICIUM-241 1.13 
TRG AMERICIUM-241 0.43 
TRG AMERICIUM-241 0.46 
TRG AMERICIUM-241 0.0585 
TRG AMERICIUM-241 0.23 
TRG AMERICIUM-241 0.34 
TRG AMERICIUM-241 0.56 
TRG AMERICIUM-241 6.879 
TRG AMERICIUM-241 4.4 
TRG AMERICIUM241 0.0856 

TRG AMERICIUM-241 0.9783 

II.3-85 
Qualifier and validation codes explained in 'I 

Error Units 

0.0642 PCUG 
0.295 PCUG 

2.3 PCUG 
0.0879 PCUG 

6.9 PCUG 
4.1 PCVG 

0.129 PCUG 
0.0329 PCUG 

219 PCUG 
0.121 PCUG 

0.0111 PCUG 
0.0161 PCUG 
0.036 PCUG 
0.143 PCUG 
0.118 PCUG 
0.231 PCUG 

0.0284 PCUG 
1.8 PCUG 

0.725 PCUG 
0.0252 PCUG 
0.235 PCVG 

0.0188 PCUG 
0.023 PCUG 
0.154 PCUG 

0.0141 PCUG 
0.0127 PCUG 
0.0586 PCUG 

54 PCUG 
7.5 PCUG 
0.44 PCUG 
0.87 PCUG 

0.076 PCUG 
0.15 PCUG 

0.046 PCUG 
0.022 PCUG 
0.022 PCUG 
0.058 PCUG 

0.0167 PCUG 
0.0213 PCUG 

0.016 PCUG 
0.026 PCVG 
0.016 PCUG 

0.1 PCYG 
0.24 PCVG 
0.23 PCVG 
0.36 PCUG 
0.33 PCVG 
0.7 PCUG 
0.44 PCVG 

2.7 PCVG 
0.903 PCVG 

1.08 PCYG 
0.25 PCYG 

0.042 PCVG 
0.044 PCUG 
0.015 PCUG 
0.046 PCVG 
0.054 PCVG 

0.06 PCUG 
0.681 PCVG 
0.66 PCVG 

0.0199 PCUG 

--------__ ------I--_ 

rable 11.3.6-1 

A 

A 
A 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

A 
A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

B A 
A 
A 
R 
V 
A 
V 
V 
V 
V 
V 
R 
V 
V 

Detect 
Limit 

0.0026 
0.0025 

0.6 
0.0026 

0.5 
1 

0.0023 
0.004 
0.008 
0.007 

0 
0.0026 
0.0026 
0.0027 
0.0077 
0.0043 
0.003 

0.0039 
0.0071 
0.002 
0.005 

0 
0 

0.0025 
0 
0 
0 

2.1 
0.8 
0.3 

0.005 
0.005 
0.014 
0.008 
0.003 
0.003 
0.012 

0 
0 

0.012 
0.008 
0.004 
0.022 
0.024 

0.03 
0.054 
0.026 
0.027 
0.008 
0.05 

0.0024 
0.0081 

0 
0.01 
0.01 

0.0042 
0.005 
0.006 
0.02 

0.0039 
0.027 

0.0025 

-_---_I_ 
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TABLE 113.2-5 

SURFIclAL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result 
Location Sample No. QC CodelPartner Type Chemical Result Error 

43593 
43793 
43893 
44093 
44193 
44393 
44593 
44793 
44893 
45693 
45793 
46193 

3-2-5.wql 

sS40061AE 
sS40088AE 
sS4001oAE 
ss4009oAE 
sS40011AE 
SS40005AE 
Ss4oOolAE 
SS40055AE 
SS40070AE 
ss40094AE 
SS40015AE 
sS40096AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

I _--- -----_ 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

-----I---p- 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM441 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM-241 

II.3-86 

Inits Qual. Mid. 
_____------- _______--_ I-__- -----I-_- I------- 

0.098 0.03 PCUG V 
110 . 18 PCUG A 
1.7 0.34 PCUG V 

0.97 0.23 PCUG V 
0.16 0.022 PCUG V 

0.408 0.101 PCUG V 
0.52 0.053 PCUG V 

0.2255 0.037 PCUG A 
0.0457 0.0211 PCUG V 

0.16 0.036 PCUG A 
1.5 0.32 PCUG V 

0.58 0.098 PCUG A 

Qualifier and validation codes explained in Table II.3.6-1 

Detect 
Limit 

0.008 
0.052 
0.047 
0.059 
0.01 
0.01 
0.01 . 

0.004 
0 

0.007 
0.06 

0.007 

_________-- 
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TABLE 11.3.2-5 

SURFlcIAL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCEpN 

Result Detect 
Location Sample No. QC Codepartner Type Chemical Result Error Units Qual. , Valid. Limit 

ssQoo393 sS40019AE 
sS400593 sS40021AE 
SS400693 sS40022AE 
SS400893 SS40024AE 
SS400993 ss40025AE 
SS401193 sS40027AE 
SS401793 SS40033AE 
SS402093 SS40036AE 
sS402193 sS40037AE 
ss402493 SS4oO40AE 
SS402593 SS40041AE 
SS402693 SS40199AE 
SS402793 SS40043AE 
SS402893 sS40044AE 
ss402993 ss40045AE 
SS403093 sS40046AE 
SS403193 SS40047AE 
SS403293 SS40048AE 
ss403393 SS40049AE 
SS403493 sS40050AE 
ss403593 sS40051AE 
SS403693 SS40052AE 

40093 sS4006oAE 
40193 SS40485AE 
40293 sS40042AE 
40393 sS40053AE 
40593 sS40054AE 
40693 SS40057AE 
40793 sS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 ss40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 s s 4 0 4 l O A E  
41793 sS40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SS4OOO9AE 
42093 ss4048oAE 
42293 SS40078AE 
42393 sS40079AE 
42693 sS4008OAE 
42993 SS40056AE 
43193 SS40084AE 
43293 Ss4ooo6AE 
43493 SS40086AE 
43593 SS40061AE 
43793 SS40088AE 
43893 SS4001OAE 
44093 SS4009OAE 
44193 sS40011AE 
44393 ss40005AE 
44593 SS4OOOlAE 
44793 sS40055AE 
44893 SS40070AE 
45693 SS40094AE 

0 

45793 SS40015AE 
46193 sS40096AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL ss40412AE 
DUP sS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

11.3-87 

0 
0 
0 

-0.0083 
0.0333 
-0.032 
0.0081 
0.0218 

-0.0669 
-0.0016 
-0.0346 

-0.01 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.088 
0.079 

0 
0 
0 
0 
0 
0 
0 
0 

0.006 
0.012 
0.005 

-0.0442 
-0.0348 

0.068 
0 
0 

-0.0109 
0.003 
0.006 

0 
-0.239 

0 
0.0067 

0 
0.007 
0.002 

0 
0 

0.085 
0 

-0.0281 
0.076 

0 
0 
0 

PCUG 
PCUG 
PCUG 

0.0294 PCUG 
0.0262 PCUG 
0.0289 PCUG 
0.0264 PCUG 
0.0289 PCUG 
0.0319 PCUG 
0.0332 PCUG 
0.0248 PCUG 
0.0298 PCUG 

PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 

0.205 PCUG 
0.185 PCUG 
0.074 PCUG 

0.0334 PCUG 
0.0464 PCUG 

PCUG 
PCUG 
PCUG 

0.0291 PCUG 
0.091 PCUG 
0.166 PCUG 

PCUG 
0.0495 PCUG 

PCUG 
0.0256 PCUG 

PCUG 
0.076 PCVG 
0.07 PCUG 

PCUG 
PCUG 
PCUG 
PCUG 

0.0284 PCUG 
PCUG 
PCUG 
PCUG 
PCUG 

J 
J 
J 
J 
J 
J 
J 
J 
J 

U 
U 

J 
J 
U 

J 

J 

J 

U 

J 
U 

3-2-5.wql Qualifier and validation codes explained in Table IL3.6-1 

Z 
Z 
Z 
Z 
Z 

z 
Z 
V 
V 
V 
A 
A 

Z 
V 
V 

A 
Z 
Z 
Z 
V 
V 
Z 

Z 
z 
Z 

0.2 
0.2 
0.2 

0.0488 
0.0486 
0.0457 
0.0447 
0.0518 
0.0476 
0.0545 
0.0379 
0.0482 
0.075 

0.2 
0.1 

0.11 
0.074 
0.075 
0.079 
0.073 
0.076 
0.074 

0 
0 

0.079 
0.11 
0.12 
0.14 
0.14 
0.3 

0.15 
0.15 
0.11 
0.24 

0.099 
0.0526 
0.0766 

0 
0.2 

0.08 
0.0463 

0.12 
0.14 
0.1 

0.0549 
0.1 

0.0436 
0.075 
0.091 
0.11 

0.077 
0.2 

0 
0.2 

0.0437 
0 

0.1 
0.075 
0.099 
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TABLE II.33-5 

SURFICIAL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 

ss4M)193 SS40017AE 
ss400293 sS40018AE 
sS400393 sS40019AE 
sS400493 sS400mAE 
SS400593 SS40021AE 
ss400693 SS40022AE 
ss4Mn93 Ss40023AE 
SS400893 SS40024AE 
ss400993 SS40025AE 
SS401093 sS40026AE 
SS401193 sS40027AE 
SS401293 SS40028AE 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 sS40031AE 
SS401693 sS40032AE 
SS401793 SS40033AE 
SS401893 SS40034AE 
ss401993 SS40035AE 
SS402093 SS40036AE 
SS402193 SS40037AE 
SS402293 sS40038AE 
SS402293 SS40016AE 
SS402393 sS40039AE 
sS402493 SS4o04OAE 
sS402593 sS40041AE 
SS402693 SS40199AE 
SS402793 sS40043AE 
SS402893 SS40044AE 
SS402993 SS40045AE 
SS403093 SS40046AE 
SS403193 sS10047AE 
SS403293 sS40048AE 
SS403393 SS40049AE 
SS403493 SS4005OAE 

SS403593 sS40051AE 
SS403693 SS40052AE 

40093 sS4006oAE 
40193 ssQo485AE 
40293 SS40042AE 
40393 SS40053AE 
40593 SS40054AE 
40693 sS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 SS40071AE 
41693 SS40410AE 
41793 ss40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 ss4048oAE 
42293 sS40078AE 
42393 SS40079AE 

-------_--I ------------_--_ 

42693 SS40080AE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 sS40086AE 

3-2-5.wqI 

QC Codepartner 
Result 
m e  Chemical Result 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP SS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL SS40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

Qualifier 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 

II.3-88 
and validation codes 

10.24 
19.98 

94 
1281 

170 
54 

17.6 
15 

43.41 
17.49 
1208 
11.68 

16.9 
24.44 
14.72 
11.9 

10.74 
49.57 
29.83 
16.94 
24.26 

15.4 
16.8 

26.28 
14 

17.48 
28.42 

440 
200 
59 

250 
46 
34 
32 
36 
26 
28 

13.8 
11.9 

17 
21 
28 
24 
36 
11 
43 
40 
47 
27 
65 

36.07 
36.31 
227 

11 
9.7 

9.143 
29 
31 
14 

14.25 
52 

8.561 

explained in 

Emr Units 
- --------- 

3.45 PCVG 
4.93 PCVG 
6.3 PCVG 

3.99 PCUG 
17 PCVG 

9.7 PCVG 
4.52 PCVG 
4.28 PCVG 
7.96 PCVG 
4.56 PCVG 
3.7 PCVG 

3.82 PCVG 
4.53 PCVG 
5.55 PCUG 
4.12 PCVG 
3.78 PCVG 
3.48 PCVG 
8.65 PCVG 
6.19 PCVG 
4.56 PCVG 
5.5 PCVG 
4.7 PCVG 

5 PCVG 
5.8 PCVG 

4.13 PCVG 
4.56 PCVG 
6.05 PCVG 

14 PCVG 
11 PCVG 

6.3 PCVG 
11 PCVG 
5 PCVG 

4.2 PCVG 
4 PCVG 

4.6 PCUG 
3.9 PCUG 
4.2 PCVG 
4.4 PCVG 
4.1 PCVG 
3.5 PCVG 
3.8 PCVG 
4.1 PCVG 
3.7 PCUG 
4.3 PCVG 
3.2 PCVG 
4.9 PCVG 
4.4 PCVG 
5.3 PCVG 
4.4 PCVG 

6 PCVG 
6.99 PCVG 
7.07 PCVG 
6.2 PCVG 
2 6  PCUG 
4.1 PCVG 
3.3 PCVG 
4.2 PCVG 
4.4 PCVG 
3.6 PCVG 

4.12 PCUG 
5.4 PCVG 

3.27 PCVG 

Table 11.3.6-1 

Qual. Valid 
Detect 

Limit 

R 

R 
R 

V 
V 

V 

V 

V 
V 
A 
A 

V 
V 
V 

R 
R 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
Y 
Y 
A 
V 
V 
A 
A 
A 
V 
Y 
A 
A 

25456 
2.6939 

2 
3.1669 

4 
5 

2.1874 
2.9 

283  
25456 

2 
3.1669 
2.8434 
2.7703 
23753 
2.8411 

2 
2.5404 
2.1883 

283 
2.31 
3.1 
3.2 

27737 
2.83 
2.31 
2 4  
3.6 

3 
4 

1.9 
2 
2 

2.8 
2 8  
2.6 
3.5 
3.3 
3.4 

3 
3 

2.1 
2 4  

2 
3 

2 2  
1.7 
2 9  
3.9 
2.8 

2.2839 
2.6982 

3.6 
2 
4 

2.6971 
2.7 
2.9 

4 
2.7692 

2.8 
29787 
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TABLE IIJ.2-5 

Location Sample No. 
e 

___D_---_____ __-m_l___-. 

43593 sS40061AE 
43193 SS40088AE 
43893 ss4001oAE 
43993 SS40091AE 
44093 SS4009OAE 
44193 ss40011AE 
44393 SS40005AE 
44593 SS40001AE 
44193 sS40055AE 
44893 ss4007oAE 
45693 sS40094AE 
45193 sS40015AE 
46193 sS40096AE 

3-2-5.wql 

SURFICIAL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result 
QC Codepartner Type 

REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL, TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 

. ---- --_-__---_ _---_-- Chemical Result Error Units 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPJ3A 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 

28 4.3 PCVG 
260 11 PCVG 

32 5.1 PCVG 
20 3.8 PCVG 
15 5 PCVG 

18.3 5.4 PCVG 
11 3.1 PCVG 

14.4 4.04 PCVG 
16.3 4.9 PCUG 

11 3.1 PCVG 
45 4.8 PCVG 

110 7.8 PCVG 

43 4.8 PCUG 

II.3-89 
Qualifier and validation codes explained in Table IL3.6-1 

Detect 
Qual. Valid Limit 

A 3.2 
A 2.1 
A 3.9 
A 4.9 
A 3.4 
V 4 
A 3.9 

~V 3 

A 3.5 
R 2 4  
A 21 
R 2.1 

--_-_____I I_------- 

V 1.88 
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TABLE II3.2-5 

s m a A L  SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 

SS400193 sS40017AE 
SS400293 SS40018AE 
sS400393 sS40019AE 
SS400493 SS40020AE 
ss400593 sS40021AE 
SS400693 SS40022AE 
SS400793 sS40023AE 
SS400893 SS40024AE 
ss400993 sS40025AE 
SS401093 sS40026AE 
SS401193 SS40027AE 
SS401293 SS40028AE 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 sS40031AE 
SS401693 ssQoo32AE 
SS401793 sS40033AE 
SS401893 SS40034AE 
SS401993 SS40035AE 
SS402093 sS40036AE 
SS402193 sS40037AE 
SS402293 sS40038AE 
SS402293 SS40016AE 
SS402393 SS40039AE 
sS402493 SS4o04oAE 
ss402593 ss40041AE 
SS402693 SS40199AE 
SS402793 SS40043AE 
SS402893 SS40044AE 
SS402993 SS40045AE 
SS403093 sS40046AE 
SS403193 sS40047A.E 
SS403293 SS40048AE 
SS403393 sS40049AE 
SS403493 ss40050AE 
SS403593 sS40051AE 
SS403693 sS40052AE 

40093 sS4006oAE 
40193 SS40485AE 
40293 sS40042AE 
40393 sS40053AE 
40593 SS40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 Ss4ooo4AE 
40993 sS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 SS40071AE 
41693 SS40410AE 
41793 SS40077AE 
41793 SS40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 SS40480AE 
42293 SS40078AE 
42393 sS40079AE 

--_____--__ _----_---_---_ 

42693 SS4008OAE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 

3-2-5.wql 

QC Code/Partner 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP SS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL SS40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP ss4oM7AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

Result 
Type 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

_----_-_ Chemical 

PLUTONIUM-39/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM239124 
PLUTONIUM-239/24 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239124 

-_--I---- 

PLUTONIUM239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM439124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239/24 
PLUTONIUM-239/24 
PLUTONIUM-239124 
PLUTONIUM-239/24 

Result 

0.2337 
5.528 

15 
0.8244 

32 
28 

0.4302 
0.337 
10.05 
1.527 

0.0463 
0.016 

0.1907 
2734 
3.077 
1.864 
0.264 
7.448 

2.83 
0.3909 

9.219 
0.0101 

0.017 
5:329 

0.1225 
0.0267 

1.446 
56 
76 

0.96 
19 

0.5 
2 1  

0.46 
0.12 
0.08 
0.16 

0.0129 
0.0788 
0.039 
0.089 
0.06 

--I_-- 

1 
3.3 
1.2 
7.9 

7 
3.4 
1.9 
4.9 

9.033 
13.03 
1.04 
1.2 

0.26 
0.3215 

0.43 
0.31 
0.9 

5.324 
4.2 

0.6421 

Error Units 

0.0505 PCUG 
0.582 PCUG 

2.6 PCUG 
0.107 PCUG 

3.3 PCUG 
3.6 PCUG 

0.0714 PCUG 
0.0584 PCUG 

1.11 PCUG 
0.182 PCUG 

0.0182 PCUG 
0.00857 P W G  
0.0349 PCUG 

0.316 PCUG 
0.332 PCUG 
0.208 PCUG 

0.0447 PCUG 
0.758 PCUG 
0.302 PCUG 

0.0773 PCUG 
1.02 PCUG 

0.0108 PCUG 
0.011 PCUG 
0.563 PCUG 

0.0336 PCUG 
0.0134. PCUG 

0.177 PCYG 
10 PCUG 

7.1 PCUG 
0.45 PCUG 
3.2 PCYG 

0.06 PCUG 
0.22 PCUG 

0.058 PCUG 
0.022 PCUG 
0.018 PCUG 
0.026 PCUG 

0.0085 PCUG 
0.0351 PCUG 
0.018 PCUG 
0.046 PCUG 
0.024 PCUG 
0.15 PCUG 
0.65 PCVG 

0.081 PCUG 
1.5 PCUG 
1.3 PCUG 

0.57 PCUG 
0.52 PCUG 

1 PCUG 
0.899 PCUG 

1.34 PCUG 
0.27 PCUG 

0.091 PCUG 
0.027 PCUG 

0.0492 PCUG 
0.08 PCUG 
0.06 PCUG 

0.072 PCYG 
0.532 PCUG 
0.61 PCVG 

0.0792 PCUG 

II.3-90 
Qualifier and validation codes explained in Table IL3.6-1 

R 

R 
R 

A 
A 

A 

A 

A 
A 
A 
A 

A 
J A 

A 

R 
R 

A 
A 
A 
A 
A 
V 
V 
R 
V 
V 
V 
A 
V 
A 
A 
A 
R 
R 
V 
V 
V 
R 
A 
A 
V 

Detect 
Limit 

0.005s 
0.0124 

0.9 
0.0096 

0.3 
0.8 

0.0129 
0.008 

0 
0.0086 

0 
0.0062 
0.0052 
0.0089 
0.0079 
0.0033 
0.005 

0.0073 
0.0061 
0.011 

0 
0.009 

0 
0.0036 
0.009 
0.004 
0.007 
0.03 

1 
0.6 

0.018 
0.001 
0.001 
0.003 
0.006 
0.006 
0.008 
0.005 

0 
0.002 
0.015 
0.003 
0.002 
0.027 
0.007 
0.005 
0.014 
0.011 
0.037 
0.006 

0.0078 
0.0179 

0 
0.005 
0.004 

0.0077 
0.002 
0.007 
0.006 

0.0027 
0.002 

0.0071 

_--------I 
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TABLE 113.2-5 

Location Sample No. 

43593 ss40061AE 
43793 Ss40088AE 
43893 ss4001oAE 
44093 ss4009oAE 
44193 ss40011AE 
44393 ss4OoosAE 
44593 ss4OOolAE 
44793 ss40055AE 
44893 ss40070AE 
45693 Ss40094AE 
45793 ss40015AE 
46193 Ss40096AE 

_______--___ _________-____- 

3-2-5.wql 

SWRFICIAL SOIL 
RADIOMGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result 
QC Cnde/Partner Type Chemical 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

~--------- -__---------- 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239124 
TRG PLUTONIUM-239/24 
TRG PLUTONIUM-239/24 

Result EITOP Units 

0.68 
17 

2.1 
0.39 

0.069 
0.211 
0.28 

0.4437 
0.0266 

0.16 
4.9 
1.2 

0.12 PCVG 
3.7 PCVG 

0.29 PCVG 
0.17 PCVG 

0.015 PCVG 
0.063 PCVG 
0.035 PCVG 

0.0779 PCVG 
0.0142 PCVG 

0.046 PCVG 
1.2 PCVG 

0.22 PCVG 

Detect 
Limit 

0.008 
0.006 
0.006 
0.029 
0.007 
0.01 

0.006 
0.007 
0.009 
0.003 
0.019 
0.015 

II.3-91 
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TABLE 113.2-5 

SuRFIcrAL SOIL 
m r o L o G r c f i  POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

sS400193 sS40017AE 
ss400293 SS40018AE 
SS400393 SS40019AE 
SS400493 SS4oo2oAE 
ss400593 sS40021AE 
SS400693 SS40022AE 
ss400793 SS40023AE 
SS400893 SS40024AE 
SS400993 SS40025AE 
SS401093 SS40026AE 
W 1 1 9 3  sS40027AE 
SS401293 SS40028AE 
SS401393 sS40029AE 
SS401493 ssQoo30AE 
SS401593 SS40031AE 
SS401693 SS40032AE 
SS401793 SS40033AE 
SS401893 sS40034AE 
SS401993 sS40035AE 
SS402093 SS40036AE 
ss402193 sS40037AE 
SS402293 sS40038AE 
SS402293 SS40016AE 
SS402393 sS40039AE 
Ss402493 SS4o04oAE 
ss402593 sS40041AE 
SS402693 SS40199AE 
SS402793 sS40043AE 
SS402893 SS40044AE 
SS402993 sS40045AE 
SS403093 Ss40046AE 
SS403193 sS40047AE 
W 3 2 9 3  Ss40048AE 
w 3 3 9 3  sS40049AE 
syM3493 sS4005oAE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 SS40053AE 
40593 sS40054AE 
40693 SS40057AE 
40793 Ss40058AE 
40893 SS4ooo4AE 
40993 SS40072AE 
40993 sS40412AE 
41193 SS40007AE 
41293 SS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 Ss4ooo9AE 
42093 ss40480AE 
42293 SS40078AE 
42393 s m 9 A E  
42693 SS40080AE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 

a 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP sS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL ss40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP sS40077AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL. 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
T R m  
TRITIUM 
TRITIUM 
TRITIUM 
TRlTIuM 
TRlTTuM 
TRITIUM 
TRITIUM 
TRmUM 
TRITIUM 
TRITIUM 
TRlTIuM 
TRITIUM 
TRITIUM 
TRnlUM 
TRITIUM 
TRlTIuM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRlTIuM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRlTIuM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
T R m  
TRITIUM 
TRITIUM 

II.3-92 

-59.5 
140.4 

94 
37.05 

130 
61 

134.5 
68.26 
22.43 
164.8 
74.12 
1254 

155.1 
48.76 
113.1 
146.3 
153.1 
10.73 
155.1 
54.57 

-58 
-156 

-7.8 

-26.3 
137.5 
56.56 
179.3 

34 
250 
76 

1600 
820 
550 
710 
940 
620 
490 

20100 
118Ooo 

300 
-980 
300 
520 
370 
-9.7 
480 
210 
640 

-260 
870 

5.818 
11.64 

900 
-87 
150 

21.42 
140 

18 
48.48 
1200 
129.3 

-860 

215 PCVL J 
226 PCVL X 
130 PCVL U 
220 PCUL x 
160 PCVL u 
120 PCVL u 
218 PCVL J 
224 PCVL J 
221 PCVL J 
219 PCUL x 
226 PCVL J 
222 PCUL x 
289 PCVL x 
226 PCVL X 
221 PCVL x 
224 PCVL x 
225 PCVL J 
226 PCVL X 
219 PCVL X 
226PCVL J 
220 PCVL J 
167 PCVL 
160 PCVL 
217 PCVL J 
225 PCVL J 
220 PCVL J 
227 PCVL J 
260 PCVL u 
140 PCVL J 
130 PCVL U 
300 PCVL 
260 PCVL 
240 PCVL 
250 PCVL 
300 PCVL 
290 PCVL 
280 PCVL 

2200 PCVL 
12ooo PCVL 

270 PCVL U 
lsoo PCVL u 
260 PCVL u 
260 PCVL. 
250 PCVL u 
200 PCVL u 
260 PCVL 
250 PCUL u 
260 PCVL 
290 PCUL u 
350 PCUL 
217 PCUL J 
218 PCVL J 
210 PCVL 
220 PCVL u 
920 PCVL u 
214 PCVL J 
230 PCVL u 
320 PCVL U 
250 PCVL u 
219 PCIL J 
730 PCVL U 
219 PCVL J 

3-2-5.wql Qualifier and validation codes explained in Table II.3.6-1 

V 

V 
V 

V 
V 

V 

V 

V 
V 
JA 
JA 

V 
V 
V 

V 
V 

JA 
JA 
A 
R 
A 
V 
V 
V 
V 
V 
A 
R 
A 
V 
V 
JA 
V 
V 
V 
A 
R 
V 
V 
A 
V 

0 
0 

200 
0 

300 
200 

0 
260 
260 

0 
260 

0 
0 
0 
0 
0 

260 
0 
0 

260 
260 
200 
200 

0 
260 
260 
260 
420 
200 
200 
350 
340 
340 
340 
480 
470 
450 
615 

1360 
420 

4100 
420 
390 
390 
300 
390 
400 
380 
570 
530 

2527 
2527 

270 
400 
lo00 

248.2 
380 
750 
400 

2527 
1300 

248.2 

Page 8 of 15 



TABLE II.33-5 

SuRmCrAL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINAh'TS OF CONCERN 

Result Detect 

43593 ss40061A.E 
43793 SS40088AE 
43893 ss4001oAE 
43993 sS40091AE 
44093 ss40090AE 
44193 SS40011AE 
44393 ss40005AE 
44593 ss4OOolAE 
44793 sS40055AE 
44893 ss4007oAE 
45693 ss4ao94AE 
45793 SS40015AE 
46193 sS40096AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

250 
250 

-270 
140 
240 
160 ' 

280 
180 

124.6 
227000 

1300 
480 
280 

250 PCUL 
290 PCUL 
280 PCVL 
230 PCVL 
260 PCVL 
280 PCVL 
131 Pc1/L 
370 PCVL 
224 PCVL 

23000 PCYL 
280 PCUL 
280 PCVL 
230 PCVL 

A 
A 
R 
A 
A 
V 
JA 
V 
V 
JA 
A 
A 
A 

410 
490 
540 
370 
430 
500 
200 
600 
260 

1120 
340 
430 
360 

3-2-5.wql 
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TABLE 11.3.2-5 

sURFIaAL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

. Location SampleNo. 

ss400193 SS40017AE 
ss400293 SS40018AE 
SS400393 sS40019AE 
SS400493 SS4002oAE 
sS400593 SS40021AE 
ss400693 sS40022AE 
ss400793 ss40023AE 
ss400893 SS40024AE 
ss400993 ss40025AE 
SS401093 sS40026AE 
SS401193 sS40027AE 
SS401293 Ss40028AE 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 sS40031AE 
SS401693 sS40032AE 
SS401793 SS40033AE 
SS401893 sS40034AE 
SS401993 SS40035AE 
ss402093 ss40036AE 
SS402193 SS40037AE 
SS402293 SS40038AE 
SS402293 ss40016AE 
SS402393 SS40039AE 
SS402493 SS4oO40AE 
SS402593 sS40041AE 
SS402693 SS40199AE 
ss402793 sS40043AE 
SS402893 SS40044AE 
SS402993 SS40045AE 
SS403093 SS40046AE 
SS403193 SS40047AE 
SS403293 SS40048AE 
sS403393 SS40049AE 
SS403493 Ss40050AE 
SS403593 sS40051AE 
SS403693 SS40052AE 

40093 ss4006oAE 
40193 SS40485AE 
40293 sS40042AE 
40393 SS40053AE 
40593 SS40054AE 
40693 SS40057AE 
40793 sS40058AE 
40893 Ss4ooo4AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS4OOO7AE 
41293 SS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 SS40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 SS40480AE 
42293 SS40078AE 
42393 SS40079AE 
42693 SS40080AE 
42993 sS40056AE 
43193 SS40084AE 
43293 Ss4ooo6AE 
43493 SS40086AE 

-_s_-------l- 

0 

3-2-5.wql 

QC CodePartner 
Result 
Type Chemical Result 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP SS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
M A L  
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL SS40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

uRANIuM-233,-234 
uRANIUM-233,-234 
URANIUM-233.-234 
URANIUM-23344 
URANIUM-233,-234 
uRA”M-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,234 
URANIUM-233434 
URANIUM-233,-234 
URANIUM-233.234 
uRANIuM-233,-234 
uRANIuM-233,-234 
URA”M-233.-234 
uRANIuM-233,-234 
uRANIuM-233,-234 
uRA”M-233,-234 
URANIUM-233,-234 
URANIUM233434 
uRANIuM-233,-234 
uRANIuM-233,-234 
uRANm-233,-234 
URANIUM-233,-234 
uRANIuM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
UFANlUM-233,-234 
URANIUM-233,-234 
URANIUM-233,234 
URANIUM-233,-234 
uRANIuM-233,-234 
uRANIuM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
uRANIuM-233,-234 
URANIUM-233,-234 
uRA”M-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,234 
URANlUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
uRANIuM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,434 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 

0.6646 
2.872 

2.3 
0.9283 

14 
1.3 

1.213 
0.9129 

1.822 
1.732 

0.8618 
0.7488 
5.822 
1.327 
1.284 
2.312 

0.7913 
3.31 
1.2 

0.8004 
0.9506 
0.457 
0.693 
3.165 

0.8139 
0.9642 

1.247 
7.9 
5.7 
1.1 
41 

5 
2.1 
3.3 
1.2 
1.2 
1.2 

1.27 
0.978 

1.3 
1 

1.3 
2.5 
1.9 
0.9 
2.9 
2.9 
2.4 
1.1 
2.3 

3.507 
4.422 
0.94 
0.99 
0.95 

1.426 
0.99 
2.7 

0.93 
1.509 

1.5 
1.52 

Error Units 

0.223 PCUG 
0.639 PCVG 
0.44 PCUG 

0.245 PCVG 
1.4 PCVG 

0.25 PCVG 
0.329 PCVG 
0.248 PCUG 
0.37 PCVG 

0.418 PCVG 
0.24 PCVG 

0.211 PCVG 
0.905 PCVG 
0.288 PCVG 
0.328 PCVG 
0.51 PCVG 
0.244 PCVG 
0.558 PCVG 
0.288 PCVG 
0.22 PCUG 

0.332 PCVG 
0.149 PCVG 
0.208 PCUG 
0.658 PCVG 
0.225 PCVG 
0.246 PCUG 
0.287 PCVG 
0.73 PCVG 
0.65 PCUG 
0.3 PCUG 
3.4 PCVG 

0.41 PCVG 
0.25 PCVG 
0.37 PCUG 
0.2 PCVG 
0.2 PCUG 

0.18 PCVG 
0.27 PCVG 

0.217 PCVG 
0.36 PCVG 
0.27 PCVG 
0.35 PCVG 
0.42 PCVG 
0.38 PCUG 
0.22 PCVG 
0.65 PCVG 
0.93 PCUG 
0.69 PCUG 
0.29 PCUG 
0.55 PCVG 

0.642 PCVG 
0.781 PCVG 
0.234 PCVG 
0.27 PCVG 
0.25 PCVG 

0.388 PCVG 
0.39 PCVG 
0.65 PCUG 
0.25 PCVG 

0.329 PCVG 
0.33 PCVG 

0.352 PCVG 

-I__- ----. 

XI. 3-94 
Qualifier and validation codes explained in Table II.3.6-1 

B 

B 

B 
B 
B 

B 

B 
B 
B 

B 
B 

Valid. - 

V 

V 
V 

4 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

V 
V 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 

Detect 
Limit 

0.0867 
0.0756 

0.1 
0.0443 

0.1 
0.08 

0.0587 
0.029 
0.026 

0.0947 
0 

0.0564 
0.0584 
0.0455 
0.0537 
0.0806 
0.044 

0.0522 
0.0671 
0.027 
0.101 
0.02 

0.034 
0.0821 
0.022 
0.015 
0.021 
0.006 

0.1 
0.1 

0.019 
0.021 
0.013 
0.006 
0.007 
0.018 
0.006 
0.019 
0.016 
0.026 
0.011 
0.016 
0.013 
0.011 

0.09 
0.017 
0.093 
0.042 
0.012 
0.017 
0.061 

0.0717 
0.021 

0.1 
0.1 

0.0883 
0.066 
0.018 

0.1 
0.0644 
0.011 

0.0723 
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TABLE 113.2-5 

SURFICIALSOIL . 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

43593 sS40061AE 
43793 sS40088AE 
43893 ss4001oAE 
43993 ss40091AE 
44093 ss4009oAE 
44193 SS4001lAE 
44393 ss40005AE 
44593 ss4OOolAE 
44793 ss40055AE 
44893 sS4007QAE 
45693 ss40094AE 
45793 ss40015AE 
46193 sS40096AE 

.REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

URANIUM-233,-234 
uRANIuM-233,-234 
uRANIuM-233,-234 
URANIuM-U3,-234 
uRANIuM-233,-234 
URANIUM-233,-234 
uRANIuM-233,-234 
uRANIuM-233,-234 
URANIUM-233,-234 
uRANIuM-233,-234 
URANIUM-2339-234 
uRANIuM-233,-234 
uRANIuM-233,-234 

0.97 
6.1 
2.1 

0.65 
0.91 
0.89 

0.702 
0.84 

0.8747 
0.875 

2.9 
2 4  
6.6 

0.29 PCVG 
1.6 PCVG 

0.48 PCVG 
0.31 PCUG 
0.28 PCVG 
0.23 PCVG 

0.188 PCVG 
0.21 PCVG 

0.398 PCVG 
0.271 PCVG 

0.1 PCVG 
0.47 PCVG 
0.97 PCVG 

B A 
B A 
B V 
B V 

A 
V 
A 
V 
A 
A 

B V 
B A 
B V 

0.014 
0.031 
0.052 
0.026 
0.014 

0.1 
0 

0.1 
0.048 
0.044 
0.061 
0.012 
0.028 

3-2-5.wql 
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TABLE II.3.2-5 

suRFIc?AL SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

ss400193 
ss400293 
ss400393 
SS400493 
ss400593 
Ss400693 
SS400793 
SS400893 
ss400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 
sS402193 
SS402293 
SS402293 
SS402393 
ss402493 
SS402593 
SS402693 
SS402793 * SS402893 
SS402993 
SS403093 
SS403193 
SS403293 
SS403393 
SS403493 
SS403593 
SS403693 

sS40017AE 
sS40018AE 
sS40019AE 
SS4002oAE 
ss40021AE 
sS40022AE 
SS40023AE 
SS40024AE 
ss4oMsAE 
SS40026AE 
SS40027AE 
sS40028AE 
sS40029AE 
sS40030AE 
SS40031AE 
SS40032AE 
sS40033AE 
SS40034AE 
sS40035AE 
SS40036AE 
ss40037AE 
sS40038AE 
sS40016AE 
sS40039AE 
sS4004OAE 
SS40041AE 
SS40199AE 
sS40043AE 
SS40044AE 
sS40045AE 
SS40046AE 
sS40047AE 
sS40048A.E 
sS40049AE 
SS40050AE 
sS40051AE 
SS40052AE 

40093 sS4006oAE 
40193 SS40485AE 
40293 sS40042AE 
40393 SS40053AE 
40593 ss40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 SS4OOO4AE 
40993 SszoO72AE 
40993 Ss40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 Ss4041OAE 
41793 Ss40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 SS4048OAE 
42293 SS40078AE 
42393 sS40079AE 
42693 SS40080AE 
42993 Ss40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 

REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
DUP sS40038AE TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL TRG 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL sS40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM435 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 

ll.3-96 

0.0517 
0.0927 

0.14 
0.0463 

0.75 
0.031 

0.0773 
0.0244 
0.0766 
0.0979 
0.0643 
0.032 

0.0861 
0.0191 
0.1145 
0.0451 
0.026 
0.133 

0.0541 
0.034 

0.0539 
0.0194 
0.0462 
0.1309 
0.0562 
0.0321 
0.0554 

0.49 
0.3 

0.055 
2.3 

0.18 
0.086 
0.17 
0.05 

0.053 
0.065 

0.0998 
0.0315 
0.038 
0.08 

0.056 
0.18 
0.13 

0.014 
0.25 
0.26 

0.089 
0.088 
0.02 

0.1163 
0.0796 
0.0404 
0.017 
0.076 
0.1241 
-0.008 
0.019 
0.11 

0.0749 
0.025 

0.0478 

0.0609 PCVG 
0.0842 PCVG 

0.095 PCUG 
0.0487 PCUG 

0.19 PCVG 
0.042 PCVG 

0.0724 PCUG 
0.0362 PCVG 
0.0601 PCUG 
0.0911 PCVG 
0.0582 PCVG 
0.0405 PCVG 
0.0638 PCUG 
0.0296 PCVG 
0.0843 PCVG 
0.0556 PCVG 
0.0421 PCVG 
0.0761 PCUG 
0.0542 PCUG 
0.0406 PCUG 
0.0776 PCUG 
0.0276 PCVG 
0.0569 PCVG 
0.0975 PCVG 
0.0543 PCVG 
0.0406 PCIIG 
0.0509 PCVG 

0.1 PCVG 
0.12 PCVG 

0.074 PCVG 
0.28 PCVG 

0.046 PCVG 
0.04 PCVG 

0.058 PCUG 
0.034 PCVG 
0.036 PCVG 
0.036 PCVG 

0.0668 PCVG 
0.0388 PCVG 
0.054 PCVG 
0.068 PCVG 
0.066 PCIIG 
0.09 PCVG 

0.084 PCUG 
0.028 PCVG 
0.15 PCVG 
0.22 PCVG 
0.1 PCVG 

0.072 PCVG 
0.04 PCVG 

0.0805 PCUG 
0.0677 PCVG 
0.0408 PCVG 

0.034 PCUG 
0.061 PCVG 

0.0979 PCUG 
0.001 PCVG 
0.044 PCVG 
0.093 PCVG 

0.0618 PCVG 
0.038 PCVG 

0.0538 PCUG 

J 

J 
J 

U 

J 
J 
J 
J 
J 

J 

J 
J 

J 
J 
J 

J 
J 
J 

U 

J 
J 
J 
J 
J 
J 

J 
BJ 
J 
J 
J 
U 
J 
J 
J 
J 
J 

U 
U 

U 
U 
J 

BJ 
J 

V 

V 
V 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

V 
V 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 

0.0792 
0.0502 

0.1 
0.0492 

0.08 
0.08 

0.065 1 
0.017 
0.021 

0.1168 
0 

0.0508 
0.0486 
0.0423 
0.0595 
0.0647 
0.034 

0.0378 
0.0607 

0.015 
0.077 

0 
0.024 

0.0739 
0.032 
0.027 
0.015 
0.024 
0.08 
0.1 

0.006 
0.004 
0.005 
0.006 
0.007 
0.007 
0.006 
0.019 
0.016 
0.016 
0.019 
0.016 
0.013 
0.029 

0.1 
0.017 
0.035 
0.025 
0.012 
0.017 

0.0536 
0.0555 

0 
0.1 
0.1 

0.0739 
0.066 
0.031 

0.1 
0.0583 
0.019 

0.0647 
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TABLE 1133-5 

s m c m  SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

43593 sS40061AE 
43793 SS40088AE 
43893 SS4001OAE 
43993 sS40091AE 
44093 SS4009OAE 
44193 SS40011AE 
44393 SS40005AE 
44593 ss4OoolAE 
44793 ss40055AE 
44893 SS4007OAE 
45693 SS40094AE 
45793 sS4001sAE 
46193 SS40096AE 

3-2-5.wql 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 

TRG 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANNM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

0.07 
. 0.53 

0.21 
0.12 

0.065 
0.032 

0.0349 
0.091 

0.0644 
0.0302 

0.51 
0.18 
0.19 

0.07 PCVG 
0.33 PCVG 
0.13 PCVG 
0.13 PCVG 

0.068 PCVG 
0.064 PCVG 

0.0295 PCVG 
0.078 PCVG 
0.105 PCUG 

0.0605 PCVG 
0.23 PCUG 
0.1 PCVG 
0.1 PCVG 

II. 3-97 
Qualifier and validation codes explained in Table 11.3.6-1 

J A 
A 

J V 
J V 
J A 
U V 

A 
U V 
J A 

A 
B V 
J A 
BJ V 

0.014 
0.037 
0.046 
0.026 
0.024 

0.1 
0 

0.1 
0.084 
0.031 
0.02 
0.02 
0.01 

Page 13 of 15 



TABLE II.3.2-5 

SURFJCIAL. SOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

sS400193 sS40017AE 
sS400293 sS40018AE 
ss400393 SS40019AE 
ss400493 sS40020AE 
sS400593 SS40021AE 
SS400693 sS40022AE 
sS400793 sS40023AE 
ss400893 sS40024AE 
ss400993 SS40025AE 
SS401093 SS40026AE 
SS401193 SS40027AE 
ss401293 sS40028AE 
ss401393 sS40029AE 
SS401493 sS40030AE 
ss401593 sS40031AE 
SS401693 ss40032AE 
SUO1793 SS40033AE 
SS401893 SS40034AE 
SS401993 SS40035AE 
ss402093 SS40036AE 
ss402193 SS40037AE 
SS402293 SS40038AE 
SS402293 SS40016AE 
ss402393 sS40039AE 
ss402493 SS40040AE 
ss402593 sS40041AE 
SS402693 ss40199AE 
SS402793 sS40043AE 
ss402893 ss40044AE 
SS402993 ss40045AE 
SS403093 SS40046AE 

SS403293 SS40048AE 
ss403393 ss40049AE 
SUO3493 SS4005OAE 
SS403593 SS40051AE 
SS403693 sS40052AE 

40093 SS4006oAE 
40193 SS40485AE 
40293 SS40042AE 
40393 SS40053AE 
40593 SS40054AE 
40693 sS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 SS40412AE 
41193 ss40007AE 
41293 SS40071AE 
41693 SS40410AE 
41793 sS40077AE 
41793 ss40069AE 
41893 SS40003AE 
41993 SS4OOO9AE 
42093 SS4048oAE 
42293 SS40078AE 
42393 sS40079AE 
42693 SS40080AE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 sS40086AE 

SS403193 SS400474E 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP sS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL ss40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP sS40077AJ2 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

II.3-98 

0.6369 
1.473 

22 
0.8559 

8.4 
1.3 

0.9091 
0.9765 

1.276 
1.429 

0.7836 
0.7497 
3.574 
1.339 

0.7416 
1.135 
1.032 
2.517 
1.117 

0.9633 
1.126 
0.515 
0.681 
1.429 
1.148 
1.228 
1.325 

6.3 
4.7 
1.5 
27 

3.3 
2 

2 3  
1.5 
1.2 
1.3 

1.04 
0.978 

1.2 
1.2 
1.2 
1.9 
1.1 

0.82 
1.6 
1.2 

0.89 
1.1 
2.6 

2268 
2.444 
0.738 
0.69 
0.66 

1.013 
1.3 
1.2 

0.93 
1.797 

1.4 
0.9689 

0.217 PCUG 
0.402 PCVG 
0.41 PCVG 

0.233 PCVG 
0.89 PCUG 
0.23 PCVG 

0.275 PCVG 
0.259 PCVG 
0.29 PCVG 

0.368 PCUG 
0.227 PCVG 
0.211 PCVG 
0.608 PCVG 
0.29 PCVG 

0.233 PCVG 
0.316 PCVG 
0.287 PCVG 
0.453 PCIIG 
0.275 PCVG 
0.246 PCUG 
0.365 PCVG 

0.16 PCVG 
0.204 PCVG 
0.376 PCUG 
0.28 PCVG 

0.288 PCUG 
0.298 PCVG 
0.61 PCVG B 
0.56 PCVG 
0.35 PCUG 
2 3  PCVG B 

0.29 PCVG B 
0.24 PCVG B 
0.29 PCVG B 
0.23 PCVG B 
0.2 PCVG B 
0.2 PCVG B 

0.24 PCVG 
0.217 PCVG 
0.35 PCVG B 
0.29 PCVG B 
0.34 PCVG B 
0.36 PCVG B 
0.28 PCVG B 

0.43 PCVG B 
0.53 PCVG B 
0.36 PCVG B 
0.28 PCVG B 
0.6 PCVG B 

0.2 PCVG 

0.464 PCVG 
0.496 PCVG 
0.199 PCVG 
0.21 PCVG 
0.19 PCVG 

0.312 PCVG 
0.45 PCVG B 
0.38 PCVG B 
0.25 PCVG 

0.371 PCVG 
0.32 PCVG B 

0.265 PCUG 

3-2-5.wql Qualifier and validation codes explained in Table 11.3.6-1 

V 

V 
V 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

V 
V 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 

0.0818 
0.0976 

0.1 
0.0443 

0.1 
0.07 

0.0587 
0.029 
0.015 

0.1168 
0.017 

0.0538 
0.0408 
0.0381 
0.064 

0.0837 
0.02 

0.0542 
0.0651 
0.027 

0 
0.02 

0.024 
0.0783 
0.032 
0.034 
0.026 
0.006 

0.09 
0.1 

0.014 
0.024 
0.005 
0.015 
0.016 
0.007 
0.006 
0.019 
0.016 
0.016 
0.019 
0.016 
0.043 
0.011 
0.09 

0.017 
0.06 

0.042 
0.02 

0.029 
0.0692 
0.0742 

0 
0.1 
0.1 

0.0739 
0.078 
0.049 

0.1 
0.0625 
0.019 

0.1015 
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TABLE 113.2-5 

SURFICIALSOIL. 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

43593 sS40061AE 
43793 ss40088AE 
43893 sS4001OAE 
43993 ss40091AE 
44093 sS4009oAE 
44193 sS40011AE 
44393 ss40005AE 
44593 SS4Mw)lAE 
44193 SS40055AE 
44893 ssQoo7OAE 
45693 sS40094AE 
45793 sS40015AE 
46193 SS40096AE 

3-2-5.wql 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANlUM-238 
URANIUM-238 
URANIUM-238 

0.88 
5 

5.2 
1.1 

0.78 
0.74 

0.708 
0.92 

1.015 
1.12 
1.9 
2.3 
4.1 

0.28 ’ PCUG 
1.4 PCUG 

0.95 PCVG 
0.43 PCVG 
0.25 PCVG 
0.23 PCVG 
0.19 PCVG 
0.21 PCVG 

0.437 PCVG 
0.31 PCVG 
0.53 PCVG 
0.41 PCVG 
0.67 PCVG 

B A 
B A 
B V 
B V 
B A 

V 
A 
V 
A 
A 

B V 
A 

B V 

0.014 
0.062 
0.025 
0.026 
0.014 

0.1 
0 

0.08 
0.084 
0.044 
0.02 

0.012 
0.01 

I .  
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Gross Algha a 
Figure II.3.2-10 shows the results of surficial soil gross alpha analyses, which are also 

listed in Table II.3.2-5. Gross alpha was detected in 65 of the 72 samples analyzed (go%), and 
31 of the 72 samples (43 percent) exceeded the calculated background value of 22.9 pCi/g. The 
highest gross alpha measurements were made of samples from the berm between SEP 207-A and 
the 207-B SEPs, and from the seep areas north of the SEPs. 
Plutonium-239/240 

Figure II.3.2-11 shows the results of surficial soil plutonium-239/240 analyses, which 
are also listed in Table II.3.2-5. Plutonium was detected in 60 of the 71 samples analyzed (85 
percent - 11 samples were rejected). The calculated background concentration of 0.062 pCi/g 
was exseeded in 52 of the 72 (73 percent) of the samples analyzed. Plutonium concentrations 
in surficial soils ranged from 0.01 to 56 pCi/g. The highest concentrations occur in the 
immediate vicinity of the SEPs on the berms and just north of SEPs 207-A and 207-B North 
where the d ~ n  tile exits. 

Tritium. 

Figure II.3.2-12 shows the results of surficial soil tritium analyses, which are also listed 
in Table II.3.2-5. Tritium was detected in 47 of the 72 samples analyzed (65 percent). Tritium 
concentrations in surficial soils ranged from -59.5 tp 227,000 pCi/L. The highest concentrations 
occur in the seep area north of the SEPs and in the buffer zone overlying the ITS. 

Uranium-233/234 

Figure II.3.2-13 shows the results of surficial soil uranium-233/234 analyses, which are 
also listed in Table II.3.2-5. Uranium-233/234 was detected in all of the samples analyzed; 
however, it was detected above the calculated background level of 1.22 pCi/g in only 38 of the 
72 (53 percent) samples analyzed. Uranium-233/234 concentrations in surficial soils ranged 
from 0.457 to 41 pCi/g. The highest concentrations occur in the vicinity of the SEPs and just 
north of SEPs 207-A and 207-B North where the drain tile exits. 

Uranium-235 

Figure II.3.2-14 shows the results of surficial soil uranium-235 analyses, which are also 
listed in Table II.3.2-5. Uranium-235 was detected in 63 of the 72 (88 percent) of the samples 
analyzed; however, it was detected above the calculated background level of 0.09 pCi/g in only 
26 of the 72 (36 percent) samples analyzed. Uranium-235 concentrations in surficial soils 
ranged from 0.0191 to 2.3 pCi/g. The highest concentration occurs just north of SEPs 207-A 
and 207-B North where the drain tile exits. 

0 Onm2431113.WPF 
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Uranium-238 0 
Figure II.3.2-15 shows the results of surficial soil uranium-238 analyses, which are also 

listed in Table II.3.2-5. Uranium-238 was detected in al l  of the samples analyzed; however, it 
was detected above the calculated background level of 1.27 pCi/g in only 31 of the 72 (43 
percent) samples analyzed. Uranium-238 concentrations in surficial soils ranged from 0.515 to 
27 pCi/g. The highest concentrations occur just north of SEPs 207-A and 207-B North where 
the drain tile exits, in the seep areas below that point, and in the immediate vicinity of the SEPs. 

In summary, the radionuclide PCOCs are broadly distributed in OU4 at concentrations 
that exceed their respective background concentrations. In general, the highest concentrations 
are found on the berms of the SEps and in the seep area on the hillside north of the SEPs. 
Section II.4 provides a more detailed description of their nature and extent. 

II.3.2.2.3 Organic Compounds 

Table II.3.2-6 provides a summary of the organic PCOC detections including estimated 
values that lie below the Contract Required Quantitation Limit (CRQL) and the instrument 
detection limit (those qualified with a 'J'). Non-detectable results are not listed in Table II.3.2- 
6; however, all results are presented in Appendix ,II.O. The organic PCOC results (including 
non-detects) are also presented on Figures II.3.2-16 through II.3.2-28. Estimated values are 
qualified and are shown in the figures in black. Detections that are above the CRQL are shown 
in red. e 
Benzo(ahthracene 

The surficial soil analytical results for benzo(a)anthracene are presented on Figure II.3.2- 
16 and in Table II.3.2-6. Of the 72 samples analyzed, 47 samples (65 percent) had detectable 
concentrations, including estimated values. Only 6 of 47 detections were above the CRQL; the 
remainder were estimated concentrations that lie below the CRQL, but above the instrument 
detection limit. Of the six detections above the CRQL, only two lie in OU4, as shown on 
Figure II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ and on the 
berm near the southwestern comer of SEP 207-A. 

The surficial soil analytical results for benzo(a)pyrene are presented on Figure II.3.2-17 
and in Table IX.3.2-6. Of the 72 samples analyzed, 51 samples (71 percent) had detectable 
concentrations including estimated values. Only 8 of 51 detections were above the CRQL', the 
remainder were estimated concentrations that lie below the CRQL, but above the instrument 
detection limit. Of the eight detections above the CRQL, only four lie in OU4, as shown on 
Figure II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, on the berm 
near the southwestern comer of SEP 207-A, and in the seep area north of SEP 207-C. 

II. 3- 10 1 



TABLE II3.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL c o m m m m  OF CONCERN 

Location Sample No. 

Ss400193 sS40017AE 
ss400293 sS40018AE 
ss400393 SS40019AE 
sS400493 sS40020AE 
SS400593 sS40021AE 
SS400693 SS40022AE 
ss400793 sS400uAE 
Ss400893 SS40024AE 
ss400993 SS40025AE 
SS401093 sS40026AE 
SS401193 sS40027AE 
SI01293 sS10028AE 
SS401393 SS40029AE 
SS401493 SS4003OAE 
SS401593 sS40031AE 
SS401693 SS40032AE 
SS401793 sS40033AE 
SS401893 SS40034AE 
SS401993 sS40035AE 
ss402093 SS40036AE 
SS402193 sS40037AE 
-02293 SS40038AE 
SS402293 SS40016AE 
SS402393 ss40039AE 
SS402493 ss4004oAE 
s5402593 sS40041AE 
SS402693 SS40199AE 
SS402793 sS40043AE 
SS402893 SS40044AE 
SS402993 sS40045AE 
SS403093 SS40046AE 
SS403193 SS40047AE 
SS403293 sS40048AE 
w 3 3 9 3  sS40049AE 
SS403493 SS4005OAE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 ss40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 sS40053AE 
40593 Ss40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 SS4OOO4AE 
40993 Ss40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 SS40410AE 
41793 sS40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SS4OOO9AE 
42093 SS40480AE 
42093 sS40013AE 
42293 SS40078AE 
42393 ss40079AE 
42693 ss4008oAE 
42993 Ss40056AE 
43193 SS40084AE 
43293 SS4OOO6AE 

--I--____-- _____--_I-_. 

Part I 1  3-2-6.wq1 

QC Code QC Partner 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP sS40038AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL ss40412AE 
DUP SS4W2AE 
REAL 
REAL 
REAL 
REAL 
DUP sS40077AE 
REAL 
REAL 
REAL 
DUP SS40480AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

~ ----_ _I_- ------- 
Result 
Type 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 

. -----I 
Chemical 

BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 

. -_- --111--- ---- l-l--_---l 

II.3-102 

Result Units Qual. Valid 

370 UGKG U V 
140 UGKG J A 
170 UGKG J A 
840 UGKG V 
51 UGKG J A 

360 UGKG U V 
86 UGKG J A 
46 UGKG J A 

1900 UGKG V 
103 UGKG J A 
480 UGKG U V 
360 UGKG U V 
470 UGKG U V 

56 UGKG J A 
330 UGKG J A 
94 UGKG J A 

410 UGKG V 
120 UGKG J A 
140 UGKG J A 
38 UGKG J A 

850 UGKG V 
59 UGKG J A 

360 UGKG U V 
130 UGKG J A 
40 UGKG J A 

440 UGKG U V 
170 UGKG J A 
420 UGKG V 
110 UGKG J A 
340 UGKG U V 
160 UGKG J A 
460 UGKG U V 
100 UGKG J A 
630 UGKG U V 
420 UGKG U V 
390 UGKG U V 
160 UGKG J A 
480 UGKG U V 
460 UGKG U V 
450 UGKG U V 
440 UGKG U V 
460 UGKG U V 
460 UGKG J A 
520 UGKG J A 
400 UGKG U V 
320 UGKG J A 
360 UGKG J A 
150 UGKG J A 
180 UGKG J A 
66 UGKG J A 
79 UGKG J A 

110 UGKG J A 
102 UGKG J A 
120 UGKG J A 
350 UGKG U V 
340 UGKG U V 
380 UGKG U JA 
210 UGKG J A 

63 UGKG J A 
54 UGKG J A 
53 UG/KG J A 

I100 UGKG JA 

-I- ---I -I-- 

Qualifier and validation codes are explained in Table IIL3.6-1 

Detect 
Limit 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 

630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 

-- 

4 0  
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TABLE II3.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result e Detect 

43493 SS40086AE 
43593 SS40061AE 
43793 SS40088AE 
43893 SS4001OAE 
43993 SS40091AE 
44093 SS40090AE 
44193 SS40011AE 
44393 SS4oO05AE 
44793 sS40055AE 
44893 sS40070AE 
45693 SS40094AE 
45793 sS40015AE 
46193 SS40096AE 

SS400193 sS40017AE 
SS400293 SS40018AE 
SS400393 sS40019AE 
SS400493 sS40020AE 
ss400593 sS40021AE 
SS400693 SS40022AE 
sS400793 SS40023AE 
ss400893 SS40024AE 
sS400993 SS40025AE 
SS401093 SS40026AE 
SS401193 SS40027AE 
SS401293 SS40028AE 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 SS40031AE 
SS401693 SS40032AE 
SS401793 SS40033AE 
SS401893 SS40034AE 
SS401993 sS40035AE 
SS402093 SS40036AE 
SS402193 SS40037AE 
SS402293 SS40038AE 
SS402293 SS40016AE 
SS402393 SS40039AE 
SS402493 ss4oo4oAE 
ss402593 sS40041AE 
SS402693 ss40199AE 
SS402793 sS40043AE 
SS402893 SS40044AE 
ss402993 sS40045AE 
SS403093 SS40046AE 
SS403193 sS40047AE 
SS403293 SS40048AE 
SS403393 ss40049AE 
ss403493 sS4005oAE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 SS40053AE 
40593 SS40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 ss40412AE 
41193 Ss4ooo7AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 

TRG 
TRG 
TRG 
TRG 

REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

sS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 

BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO( a)ANTHRACENE 

BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 

n. 3- 103 
Part I1 3-2-6.wql Qualifier and validation codes are explained in Table IIL3.6-1 

380 UGKG U 
69 UGKG J 
57 UGKG J 

110 UGKG J 
380 UGKG U 
51 UGKG J 

360 UGKG U 
68 UGKG J 

440 UGKG U 
440 UGKG U 
210 UGKG J 
490 UGKG J 
80 UGKG J 

370 UGKG U 
170 UGKG J 
230 UGKG J 
900 UGKG 
65 UGKG J 
45 UGKG J 
78 UGKG J 
63 UGKG J 

110 UGKG J 
480 UGKG U 
360 UGKG U 
470 UGKG U 
56 UGKG J 

350 UGKG J 
102 UGKG J 
470 UGKG 
150 UGKG J 
160 UGKG J 
48 UGKG J 

980 UGKG 
120 UGKG J 
360 UGKG U 
140 UGKG J 
48 UGKG J 

440 UGKG U 
210 UGKG J 
470 UGKG 
130 UGKG J 
36 UGKG J 

180 UGKG J 
460 UGKG U 
110 UGKG J 
630 UGKG U 
420 UGKG U 
390 UGKG U 
200 UGKG J 
480 UGKG U 
460 UGKG U 
450 UGKG U 
440 UGKG U 
460 UGKG U 
550 UGKG J 
590 UGKG 

88 UGKG J 
360 UGKG J 
420 UGKG 
180 UGKG J 

2100 UGKG 

JA 
A 
A 
A 
V 
A 
V 
A 
V 
V 
A 
A 
A 

V 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
V 
A 
A 
A 
V 
A 
V 
A 
A 
V 
A 
V 
A 
A 
A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
JA 
A 
A 
JA 
A 

380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
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TABLE 113.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. QC Code 
Result 

QCPartner Type 

41293 
41693 
41793 
41793 
41893 
41993 
42093 
42093 
42293 
42393 
42693 
42993 
43193 
43293 
43493 
43593 
43793 
43893 
43993 
44093 
44193 
44393 
44793 
44893 
45693 
45793 
46193 

ss400193 
SS400293 
SS400393 
ss400493 
ss400593 
ss400693 
ss400793 
SS400893 
ss400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 
SS402193 
ss402293 
SS402293 
SS402393 
SS402493 
SS402593 
SS402693 
SS402793 
SS402893 
SS402993 
SS403093 
Sa03193 
SS403293 
SS403393 

sS40071AE 
ss4041oAE 
SS40077AE 
SS40069AE 
ss4ooo3AE 
Ss4ooo9AE 
SS40480AE 
SS40013AE 
sS40078AE 
ss40079AE 
ss40080AE 
Ss40056AE 
ss40084AE 
SS40006AE 
Ss40086AE 
SS40061AE 
SS40088AE 
sS4001oAE 
ss40091AE 
sS40090AE 
SsloollAE 
SS40005AE 
ss40055AE 
sS40070AE 
sS40094AE 
ss40015AE 
SS40096AE 

Ss40017AE 
SS40018AE 
SS40019AE 
SS4002oAE 

ss40021AE 
SS40022AE 
SS40023AE 
sS40024AE 
Ss40025AE 
SS40026AE 
SS40027AE 
SS40028AE 
S W 2 9 A E  
SS40030AE 
SS40031AE 
ss40032AE 
sS40033AE 
sS40034AE 
sS40035AE 
SS40036AE 
sS40037AE 
SS40038AE 
SS40016AE 
ss40039AE 
sS4004oAE 
sS40041AE 
SS40199AE 
SS40043AE 
ss40044AE 
sS40045AE 
Ss40046AE 
sS40047AE 
SS40048AE 
ss40049AE 

Part I1 3-2-6.wql 

REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
REX 

ss40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

Chemical 

BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO( a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 

BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 

_l__ll---l-_-l--l---_----------- 

II.3-104 
Qualifier and validation codes are explained in Table Il 

Result Units Qual. 

230 UGKG J 
67 UGKG J 

390 UGKG U 
380 UGKG U 
130 UGKG J 
140 UGKG J 
350 UGKG U 
340 UGKG U 
380 UGKG U 
240 UGKG J 
520 UGKG U 

60 UGKG J 
360 UGKG U 

380 UGKG U 
86 UGKG J 
57 UGKG J 

400 UGKG U 
380 UGKG U 
400 UGKG U 
360 UGKG U 
72 UGKG J 

440 UGKG U 
440 UGKG U 
200 UGKG J 
530 UGKG 

87 UGKG J 

-____--- -__---- _____-- 

lo00 UGKG 

370 UGKG U 
280 UGKG JX 
350 UGKG X 

1400 UGKG X 
64 UGKG J 
64 UGKG JX 
120 UGKG JX 
94 UGKG JX 

170 UGKG JX 
76 UGKG JX 

360 UGKG U 
470 UGKG U 
96 UGKG JX 

530 UGKG X 
190 UGKG JX 
750 UGKG X 
270 UGKG JX 
260 UGKG JX 

71 UGKG JX 
1700 UGKG X 

94 UGKG JX 
360 UGKG U 
210 UGKG JX 
69 UGKG JX 

440 UGKG U 
340 UGKG JX 
540 UGKG 
140 UGKG J 

160 UGKG J 
460 UGKG U 
100 UGKG J 

3300 UGKG X 

32 UGKG JX 

90 UGKG JX 

13.6-1 

Valid 

A 
A 
JA 
JA 
A 
A 
V 
JA 
JA 
A 
JA 
A 
JA 
JA 
JA 
A 
A .  
A 
V 
JA . 
V 
A 
JA 
JA 
A 
V 
A 

-_I- 

V 
A 
JA 
JA 
A 
A 
A 
A 
JA 
A 
A 
V 
V 
A 
JA 
A 
JA 
A 
A 
A 
JA 
A 
V 
A 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 

Detect 
Limit 

740 
450 
390 
380 

, 4 0 0  
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 ' 
440 
440 
480 
500 
420 

---- 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
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TABLE II9.2-6 

SURFICIAL SOIL 
ORGANIC POTENTLAL CONTAMINANTS OF CONCERN 

Location Sample No. 

SS403493 SS40050AE 
SS403593 SS40051AE 
SS403693 sS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 SS4bo53AE 
40593 SS40054AE 
40693 sS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 sS40072AE 
40993 SS40412AE 
41193 ss4ooMAE 
41293 SS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SSQ0009AE 
42093 Ss10480AE 
42093 sS40013AE 
42293 sS40078AE 
42393 sS40079AE 
42693 SS40080AE 
42993 sS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 sS40086AE 
43593 sS40061AE 
43793 SS40088AE 
43893 SsQoolOAE 
43993 sS40091AE 
44093 SS40090AE 
44193 SS400llAE 
44393 SS40005AE 

44793 sS40055AE 
44893 SS40070AE 
45693 SS40094AE 
45793 SS40015AE 
46193 SS40096AE 

----------_--- ------------- 

SS400193 
SS400293 
ss400393 
ss400493 
sS400593 
sS400693 
ss400793 
SS400893 
SS400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 

SS40017AE 
SS40018AE 
SS40019AE 
SS40020AE 
SS40021AE 
SS40022AE 
SS40023AE 
SS40024AE 
SS40025AE 
SS40026AE 
sS40027AE 
sS40028AE 
SS40029AE 
SS40030AE 
SS40031AE 
SS40032AE 
sS40033AE 
ss40034AE 
ss40035AE 
SS40036AE 

Part XI: 3-2-6.wql 

,QC Code QC Partner 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL SS40412AE 
DUP SS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
DUP Ss10480AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

.- ----_---------_. 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

Result 
Type 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

- ----I--_-. 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

Chemical 

BENZO@)FLUORA"ENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE . 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTI;IENE 
BENZO@)FLUORA"ENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANT"E 

. 

BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE . 

II. 3- 105 

Result Units Qual. Valid. 

52 UGKG JX A 
43 UGKG JX A 

210 UGKG J A 
480 UGKG U V 
460 UGKG U V 
450 UGKG U V 

70 UGKG JX A 
460 UGKG U V 
890 UGKG X JA 
910 UGKG X JA 
400 UG/KG U V 
570 UGKG X JA 
690 UGKG X JA 
270 UGKG JX A 
370 UGKG JX A 
110 UGKG JX A 
180 UGKG JX A 
200 UGKG JX A 
200 UGKG JX A 
240 UG/KG JX A 
40 UGKG JX A 

340 UGKG U JA 
380 UGKG U JA 
370 UGKG X JA 
130 UGKG JX A 
100 UGKG JX A 
100 UGKG JX A 

1800 UGKG X JA 
380 UGKG U JA 
150 UGKG JX A 
100 UGKG JX A 
230 UGKG JX A 
380 UGKG U V 
85 UGKG JX A 

360 UGKG U V 
110 UGKG JX A 
60 UGKG JX A 

440 UGKG U JA 
290 UGKG JX A 
840 UGKG X JA 
140 UGKG JX A 

--------__ --__---- _---- 

Qualifier and validation codes are explained in Table 111.3.6-1 

370 UGKG U V 
110 UGKG J A 
210 UGKG J A 
590 UGKG JA 
70 UGKG J A 

360 UGKG U JA 
380 UGKG U V 
58 UGKG J A 

1300 UGKG JA 
69 UGKG J A 

480 UGKG U V 
360 UGKG U V 
470 UGKG U V 
380 UGKG U V 
240 UGKG J A 
80 UGKG J A 

300 UGKG J A 
130 UGKG J A 
110 UGKG J A 
400 UGKG U V 

Detect 
Limit 

420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 

380 
430 
360 
390 
380 
400 
400 

410 
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TABLE II.3.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

SS402193 sS40037AE 
SS402293 sS40038AE 
SS402293 SS40016AE 
SS402393 SS40039AE 
ss402493 ss40040AE 
SS402593 sS40041AE 
SS402693 SS40199AE 
SS402793 ss40043AE 
SS402893 SS40044AE 
SS402993 sS40045AE 
SS403093 sS40046AE 
SS403193 sS40047AE 
SS403293 sS40048AE 
SS403393 SS40049AE 
SS403493 sS40050AE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 sS40042AE 
40393 sS40053AE 
40593 sS40054AE 
40693 SS40057AE 
40793 sS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 SS4041OAE 
41793 sS40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SS4OOO9AE 
42093 SS40480AE 
42093 SS40013AE 
42293 SS40078AE 
42393 sS40079AE 
42693 SS40080AE 
42993 sS40056AE 
43193 SS40084AE 
43293 Ss4ooo6AE 
43493 sS40086AE 
43593 SS40061AE 
43793 ss40088AE 
43893 SS4001OAE 
43993 sS40091AE 
44093 sS40090AE 
44193 SS40011AE 
44393 SS40005AE 
44793 SS40055AE 
44893 SS40070AE 
45693 SS40094AE 
45793 SS40015AE 
46193 SS40096AE 

SS400193 SS40017AE 
SS400293 sS40018AE 
ss400393 SS40019AE 

. SS400493 ss40020AE 
sS400593 sS40021AE 
SS400693 SS40022AE 

a 

REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL. 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 

sS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYL.ENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 
BENZO(ghi)PERYLENE 

BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FL.UORA"ENE 
BENZO(k)FL.UORANTHENE 
BENZO(k)FLUORANTHENE 

900 UGKG 
15 UGKG J 

360 UGKG U 
76 UGKG J 

440 UGKG U 
440 UGKG U 
180 UGKG J 
330 UGKG J 
140 UGKG J 
340 UGKG U 
130 UG/KG J 
460 UGKG U 
84 UGKG J 

630 UGKG U 
420 UGKG U 
390 UGKG U 
170 UGKG J 
480 UGKG U 
460 UGKG U 
450 UGKG U 
440 UGKG U 
460 UGKG U 
410 UGKG J 
400 UGKG J 
400 UGKG U 
260 UGKG J 
280 UGKG J 
120 UGKG J 
740 UGKG U 
55 UGKG J 

390 UGKG U 
380 UGKG U 
110 UGKG J 
82 UGKG J 

350 UGKG U 
340 UGKG U 
380 UGKG U 
200 UGKG J 
520 UGKG U 
55 UGKG J 

360 UGKG U 
520 UG/KG 
380 UGKG U 

71 UGKG J 
54 UGKG J 
87 UGKG J 

380 UGKG U 
400 UGKG U 
360 UGKG U 
81 UGKG J 

440 UGKG U 
440 UGKG U 
160 UGKG J 
500 UGKG U 
420 UGKG U 

II.3-106 
Part I 1  3-2-6.wql Qualifier and validation codes are explained in Table 111.3.6-1 

370 UG/KG U 
330 UGKG JX 
430 UGKG X 

1500 UGKG X 
42 UGKG J 
78 UGKG JX 

JA 
A 
V 
A 
V 
V 
A 
A 
A 
V 
A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
V 
A 
A 
A 
JA 
A 
JA 
JA 
A 
A 
V 
JA 
JA 
A 
JA 
A 
JA 
JA 
JA 
A 
A 
A 
V 
JA 
V 
A 
JA 
JA 
A 
V 
V 

V 
R 
JA 
JA 
A 
A 

390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
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TAB= I13.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

ss400793 sS40023AE 
sS400893 SS40024AE 
ss400993 sS10025AE 
SS401093 SS40026AE 
SS401193 SS40027AE 
SS401293 sS40028AE 
SS401393 sS40029AE 
SS401493 SS40030AE 
SS401593 SS40031AE 
SS401693 SS40032AE 
SS401793 sS40033AE 
SS401893 sS40034AE 
SS401993 sS40035AE 
SS402093 sS40036AE 
SS402193 sS40031AE 
SS402293 sS40038AE 
SS402293 sS40016AE 
SS402393 sS40039AE 
SUO2493 SS40040AE 
sS402593 SS40041AE 
SS402693 SS40199AE 
SS402793 SS40043AE 
SS402893 SS40044AE 
SS402993 SS40045AE 
SS403093 sS40046AE 
SS403193 SS40047AE 
SS403293 SS40048AE 
SS403393 SS40049AE 
SS403493 SS40050AE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 sS40042AE 
40393 SS40053AE 
40593 sS40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 sS40072AE 
40993 SS40412AE 
41193 SS4OOO7AE 

41293 SS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 SS40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 SS40480AE 
42093 SS40013AE 
42293 sS40078AE 
42393 SS40079AE 
42693 SS40080AE 
42993 SS40056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 
43593 SS40061AE 
43793 SS40088AE 
43893 SS4001OAE 
43993 SS40091AE 
44093 SS40090AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL. 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

sS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

sS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 

BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"HENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FXUORANTHENE 
BENZO(k)F%UORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO( k)FJ.,UORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FL.UORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FL.UORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FL.UORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHm 
BENZO( k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)F%UORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 

130 U G K G  JX 
110 U G K G  JX 

190 U G K G  JX 
86 U G K G  JX 

360 U G K G  U 
470 U G K G  U 
110 U G K G  JX 
630 U G K G  X 
210 U G K G  JX 
850 U G K G  X 
300 U G K G  JX 
300 U G K G  JX 
80 U G K G  JX 

1900 U G K G  X 
100 U G K G  JX 
360 U G K G  U 
240 U G K G  JX 
78 U G K G  JX 

440 U G K G  U 
380 U G K G  JX 
280 U G K G  J 

81 U G K G  J 
32 U G K G  JX 

110 U G K G  J 
460 U G K G  U 
75 U G K G  J 

110 U G K G  JX 
62 U G K G  JX 
50 U G K G  JX 

3700 U G K G  X 

130 U G K G  J 
480 U G K G  U 
460 U G K G  U 
450 U G K G  U 

460 U G K G  U 
1100 U G K G  X 
1100 U G K G  X 
400 U G K G  U 
700 U G K G  X 
850 U G K G  X 
330 U G K G  JX 
460 U G K G  JX 
140 U G K G  JX 
220 U G K G  JX 
250 U G K G  JX 
300 U G K G  JX 
360 U G K G  JX 
59 U G K G  JX 

340 U G K G  U 
380 U G K G  U 
450 U G K G  X 
150 U G K G  JX 
150 U G K G  JX 
120 U G K G  JX 

2200 U G K G  X 
380 U G K G  U 
190 U G K G  JX 
130 U G K G  JX 
220 U G K G  JX 
380 U G K G  U 
100 U G K G  JX 

85 U G K G  JX 

II.3-107 
Part I1 3-2-6.wql Qualifier and validation codes are explained in Table IIL3.6-1 

R 
A 
JA 
R 
A 
V 
V 
R 
R 
A 
JA 
A 
R 
A 
JA 
R 
V 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
JA 
JA 
V 
JA 
JA 
A 
A 
A 
A 
A 
A 
A 
A 
JA 
JA 
JA 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 

380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
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TABLE 113.2-6 

SURFIaAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location 
-------I----- 

44193 
44393 
44793 
44893 
45693 
45793 
46193 

Sample No. QC Code 
Result 

QCPartner Type Chemical Result Units Qual. 

sS4001lAE 
SS40005AE 
SS40055AE 
sS40070AE 
sS40094AE 
SS40015AE 
sS40096AE 

SS400193 SS40017AE 
SS400293 sS40018AE 
SS400393 ss40019AE 
SS400493 SS40020AE 
ss400593 ss40021AE 
SS400693 SS40022AE 
ss400793 SS400UAE 
sS400893 SS40024AE 
sS400993 Ss40025AE 
SS401093 SS40026AE 
SS401193 sS40027AE 
ss401293 ss40028A.E 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 Ss40031AE 
SS401693 sS40032AE 
SS401793 SS40033AE 
SS401893 SS40034AE 
SS401993 SS40035AE 
ss402093 sS40036AE 
SS402193 sS40037AE 
SS402293 sS40038AE 
SS402293 SS40016AE 
ss402393 ss40039AE 
SS402493 SS40040AE 
SS402593 SS40041AE 
SS402693 SS40199AE 
SS402793 sS40043AE 
ss4M893 SS40044AE 
SS402993 sS40045AE 
SS403093 SS40046AE 
SS403193 sS40047AE 
SS403293 sS40048AE 
SS403393 SS40049AE 
SS403493 sS40050AE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 ss40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 sS40053AE 
40593 sS40054AE 
40693 sS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 SS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 SS40069AE 
41893 Ss4ooo3AE 
41993 SS4OOO9AE 

Part I 1  3-2-6.wql 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 

TRG BENZO(k)FLUORA"ENE 
TRG BENZO(k)FLUORA"ENE 
REX BENZO(k)FLUORA"ENE 
TRG BENZO(k)FLUORA"ENE 
TRG BENZO(k)FLUORA"ENE 
TRG BENZO(k)FLUORA"ENE 
TRG BENZO(k)FLUORA"ENE 

TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIs(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ET"EXYL)PH"ALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ET"EXYL)PH"ALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIs(2-E-)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)P"ALATE 
TRG B I S ( 2 - E T " E X Y L ) P H " A T E  
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ETHYLHEXYL)P"ALATE 

ss40038AE TRG B I S ( Z - E T " E X Y L ) P H " A T E  
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)P"ALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXn)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)P"ALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)P"ALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ET"EXYL)P"ALATE 

SS40412AE TRG BIS(2-ETHYLHEXYL)PHTHALATE 
SS40072AE TRG BIS(2-ET"EXYL)PHTHALATE 

TRG BIS(2 -ET"EXYL)P"ALATE 
TRG BIS(2-ET"EXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
REX BIS(2-ET"EXYL)PHTHALATE 

SS40077AE REX BIS(2-ETHYLHEXYL)PHTHALATE 
TRG BIS(2-ETHYLHEXYL)PHTHALATE 
REX BIs(2-ET"EXYL)PHTHALATE 

II.3-108 

360 UGKG U 
160 UGKG JX 
89 UGKG JX 

440 UGKG U 
340 UGKG JX 
970 UGKG X 
170 UGKG JX 

Valid 

V 
A 
A 
JA 
A 
JA 
A 

-_--- 

79 UGKG J A 
3300 UGKG V 

350 UGKG U JA 
380 UGKG U V 
340 UGKG U JA 
360 UGKG U JA 
66 UGKG J A 

460 UGKG U V 
380 UGKG U V 

43 UGKG J A 
68 UGKG J A 

360 UGKG U V 
470 UGKG U V 

68 UGKG J A 
430 UGKG U V 
42 UGKG J A 

270 UGKG J A 
740 UGKG V 
540 UGKG V 
45 UGKG J A 

270 UGKG J A 
43 UGKG J A 

360 UGKG U V 
380 UGKG U V 
440 UGKG U V 
440 UGKG U V 
340 UGKG J A 
370 UGKG U JA 
350 UGKG U JA 
340 UGKG U JA 

460 UGKG U JA 
440 UGKG U JA 
630 UGKG U JA 
420 UGKG U V 
44 UGKG J A 

180 UGKG J A 
480 UGKG U V 

1100 UG/KG V 
59 UGKG J A 
75 UGKG J A 

460 UGKG U V 
110 UGKG J A 
160 UGKG J A 
400 UGKG U V 
110 UGKG J A 
120 UGKG J A 
74 UGKG J A 

260 UGKG J A 
450 UGKG U V 
130 UGKG J A 
160 UGKG J A 

4000 UGKG V 
400 UGKG U V 

21OOO UGKG BE A 

Qualifier and validation codes are explained in Table 111.3.6-1 

Detect 
Limit 

360 
380 
440 
440 
480 
500 
420 

---- 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
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TABLE 113.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. QC Code 
Result 

QCPartner Type 

42093 
42093 
42293 
42393 
42693 
42993 
43 193 
43293 
43493 
43593 
43793 
43893 
43993 
44093 
44193 
44393 
44793 
44893 
45693 
45793 
46193 

sS400193 
SS400293 
ss400393 
ss400493 
ss400593 
ss400693 
ss400793 
sS400893 
ss400993 

SS401193 
SS401293 
SS401393 
ss401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 
SS402193 
ss4M293 
SS402293 
SS40u93 
SS402493 
sS402593 
SS402693 
SS402193 
ss402893 
SS402993 
w 3 0 9 3  
SS403193 
SS403293 
SS403393 
SS403493 
SS403593 
SS403693 

ss401093 . 

40093 
40193 
40293 

ss40480AE 
SS40013AE 
SS40078AE 
SS40079AE 
SS40080AE 
SS40056AE 
sS40084AE 
SS40006AE 
SS40086AE 
SS40061AE 
SS40088AE 
ss4001oAE 
sS40091AE 
SS40090AE 
W00l lAE 
sS40005AE 
SS40055AE 
sS400lOAE 
ss40094AE 
sS40015AE 
ssQoo96AE 

SS40017AE 
ss40018AE 
SS4001 9AE 
SS40020AE 
sS40021AE 
ss40022AE 
sS40023AE 
SS40024AE 
SS40025AE 
ss4oM6AE 
ss40027AE 
SS40028AE 
SS40029AE 
SS4003OAE 
ss40031AE 
SS40032AE 
ss40033AE 
ss40034AE 
ss40035AE 
SS40036AE 
Ss40037AE 
SS40038AE 
sS40016AE 
sS40039AE 
SS40040AE 
Ss40041AE 
SS40199AE 
SS40043AE 
SS40044AE 
sS40045AE 
SS40046AE 
SS4047AE 
SS40048AE 
SS40049AE 
SS40050AE 
SS40051AE 
SS40052AE 
SS40060AE 
SS40485AE 
SS40042AE 

Part I1 3-2-6.wql 

REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
SS40480AE TRG 

TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

sS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

Chemical 
-------__--------___------- . 
BIS(2-ET"EXYL)PHTXAUTE 
BIS(2-ET"EXYL)PHTJULATE 
BIS(2-E"EXYL)PHTXAUTE 
BIS(2-ETHYLHEXYL)PHTHUTE 
BIs(2-ET"EXYL)P"ALATE 
BIs (2 -ET"EXYL)PHTHUTE 
BIs(2-ET"EXYL)PHTHALATE 
BlS(2-ETHYLHEXYL)PHTHAJATE 
BIs(2-ETHYLHEXYL)PHTHUTE 
BIS(2-ETHYLHEXYL)P"ALATE 
BIs(2-ET"EXYL)PHTHAJATE 
B I s ( z - E T " E X n ) P " A L A T E  
BIS(2-ETHYLHEXYL)PHTXAUTE 
BIS(Z-ETHYLHEXYL)P"ALATE 
BIs(2-ET"EXYL)PHTHALATE 
BIs(2-ET"EXYL)PHTHAIATE 
BIS(2-ET"EXn)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ET"EXYL)PHTHAJATE 
BIs(z-ET"EXn>pHTHALATE 
BIS(2-E'l"EXYL)P"ALATE 

CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 

II.3-109 
Qualifier and validation codes are explained in Table 111. 

Result Units Qual. 

200 UGKG J 
130 UGKG J 
380 UGKG U 
360 UGKG U 
130 UGKG J 
81 UGKG J 

.----I-_ __-- _-_-_- 

1000 UGKG 
600 UGKG 
42 UGKG J 
89 UGKG J 
56 UGKG J 

160 UGKG J 
44 UGKG J 
69 UGKG J 

2600 UGKG 
3800 UG/KG 
3600 UGKG 
440 UGKG U 
73 UGKG J 

180 UGKG J 
480 UGKG 

Valid 
Detect 
-Limit 

A 
A 
JA 
JA 
A 
A 
V 
JA 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 

370 UGKG U V 
190 UGKG J A 
210 UGKG J A 
950 UGKG V 
66 UGKG J A 

360 UGKG U V 
89 UGKG J A 
61 UGKG J A 

2200 UGKG V 
120 UGKG J A 
480 UGKG U V 
360 UGKG U V 
470 UGKG U V 
62 UGKG J A 

390 UGKG J A 
120 UGKG J A 
470 UGKG V 
170 UGKG J A 
160 UGKG J A 
42 UGKG J A 

1070 UGKG V 
64 UGKG J A 

360 UGKG U V 
140 UGKG J A 
44 UGKG J A 

440 UGKG U V 
210 UGKG J A 
560 UGKG V 
130 UGKG J A 
36 UGKG J A 

180 UGKG J A 
460 UGKG U V 
120 UGKG J A 
630 UGKG U V 
420 UGKG U V 
390 UGKG U V 
220 UGKG J A 
480 UGKG U V 
460 UGKG U V 
450 UGKG U V 

350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
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TABLE II33-6 

suRFIcIALsoIL. 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location ---------_ 
40393 
40593 
40693 
40793 
40893 
40993 
40993 
41 193 
41293 
41693 
41793 
41793 
41893 
41993 
42093 
42093 
42293 
42393 
42693 
42993 
43 193 
43293 
43493 
43593 
43793 
43893 
43993 
44093 
44193 
44393 
44793 
44893 
45693 
45793 
46193 

ss400193 
SS400293 
sS400393 
sS400493 
SS400593 
SS400693 
sS400793 
SS400893 
ss400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
ss402093 
SS402193 
SS402293 
Sa02293 
SS402393 
SS402493 
sS402593 

Sample No. 

sS40053AE 
sS40054AE 
sS40057AE 
SS40058AE 
SS4oO04AE 

SS40072AE 
SS40412AE 
SS40007AE 
SS40071AE 
ss4041oAE 
SS40077AE 
SS40069AE 
SS40003AE 
SS4OOO9AE 
SS40480AE 
sS40013AE 
SS40078AE 
SS40079AE 
SS40080AE 
ss40056AE 
SS40084AE 
SS40006AE 
SS40086AE 
sS40061AE 
SS40088AE 
SS4001oAE 
SS40091AE 
SS40090AE 
SS40011AE 
SS40005AE 
SS4005SAE 
SS40070AE 
SS40094AE 
SS40015AE 
sS40096AE 

--------------- 

SS40017AE 
SS40018AE 
SS40019AE 
SS40020AE 
SS40021AE 
SS40022AE 
SS40023AE 
SS40024AE 
SS4002sAE 
sS40026AE 
SS40027AE 
sS40028AE 
SS40029AE 
SS40030AE 
SS40031AE 
sS40032AE 
SS40033AE 
SS40034AE 
ss40035AE 
SS40036AE 
sS40037AE 
SS40038AE 
SS40016AE 
SS40039AE 
sS4004oAE 
sS40041AE 

Part 11: 3-2-6.wql 

QC Code 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

---I---- 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 

Result 
QCPartner Type 

TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
sS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

---_____-- --_---I___ 

Chemical 

CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 

----------I---- _- 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTn PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

II.3-110 

Result Units 
-I-- 

440 UGKG 
460 UGKG 
590 UGKG 
630 UGKG 
96 UGKG 

380 UGKG 
450 UGKG 
180 UG/KG 
240 UGKG 
78 UGKG 

110 UGKG 
160 UGKG 
150 UGKG 
140 UGKG 
350 UGKG 
340 UGKG 
380 UGKG 
260 UGKG 
71 UGKG 
75 UGKG 
73 UGKG 

1200 UGKG 
380 UGKG 
89 UGKG 
69 UGKG 

140 UGKG 
380 UGKG 
58 UGKG 

360 UGKG 
82 UGKG 

440 UGKG 
440 UGKG 
210 UGKG 
570 UGKG 
96 UGKG 

Qual. Valid 

u v  
u v  
J A 

V 
J A 
J A 

V 
J A 
J A 
J A 
J A 
J A 
J A 
J A 
u v  
u v  
U JA 
J A 
J A 
J A 
J A 

JA 
U JA 
J A 
J A 
J A 
u v  
J A 
u v  
J A 
u v  
u v  
J A 

V 
J A 

----- -----I- 

370 UGKG U V 
460 UGKG U V 
350 UGKG U V 
41 UGKG J A 
65 UGKG J A 

360 UGKG U V 
380 UGKG U ‘ V  
460 UGKG U V 
49 UGKG J A 

360 UGKG U V 
480 UGKG U V 
360 UGKG U V 
470 UGKG U V 
380 UGKG U V 
430 UGKG U V 
360 UGKG U V 
390 UGKG U V 

1700 UGKG V 
400 UGKG U V 
50 UGKG J A 
53 UGKG J A 

900 UGKG V 
360 UGKG U V 
380 UGKG U V 
440 UGKG U V 
440 UGKG U V 

Detect 
Limit 

, 4 4 0  
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

--------- 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
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TABLE II.33-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result a Detect 

ss402693 W 1 9 9 A E  
ss402793 ss40043AE 
ss402893 sS40044AE 
ss402993 sS40045AE 
ss403093 ss40046AE 
SS403193 sS40047AE 
ss403293 SS40048AE 
Ss403393 sS40049AE 
ss403493 sS4005oAE 
ss403593 ss40051AE 
SS403693 sS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 sS40042AE 
40393 ss40053AE 
40593 sS40054AE 
40693 ssQoo57AE 
40793 sS40058AE 
40893 SS40004AE 
40993 sS40072AE 
40993 Ss40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 sS4041OAE 
41793 sS40077AE 
41793 ss40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 SS40480AE 
42093 SS40013AE 
42293 ss40078AE 
42393 sS40079AE 
42693 sS40080AE 
42993 ss40056AE 
43193 sS40084AE 
43293 SS40006AE 
43493 sS40086AE 
43593 sS40061AE 
43793 ss40088AE 

43993 sS40091AE 
44093 ss40090AE 
44193 SS40011AE 
44393 SS40005AE 
44793 sS40055AE 
44893 sS40070AE 
45693 SS40094AE 
45793 ss40015AE 
46193 sS40096AE 

43893 ~S~OOIOAE 

SS400193 
SS400293 
sS400393 
ss400493 
ss400593 
SS400693 
ss400793 
ss400893 
ss400993 
Ss401093 
SS401193 
SS401293 

SS40017AE 
SS40018AE 
Ss40019AE 
ss4002oAE 
sS40021AE 
Ss40022AE 
SS40023AE 
SS40024AE 
SS40025AE 
SS40026AE 
sS40027AE 
ss4oozam 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

ssQo412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

sS40077A.E REX 
TRG 
REX 
TRG 

ssQo480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DLn-BUTYL PHTHALATE 
DEn-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DEn-BUTYL PHTHALATE 
DEn-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DEn-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BIJl'YL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-nBUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 

380 UGKG U 
370 UGKG U 
53 UGKG J 
51 UGKG J 

160 UGKG J 
460 UGKG U 
440 UGKG U 

67 UGKG J 
420 UGKG U 
390 UGKG U 
390 UGKG U 
480 UGKG U 
79 UGKG J 

450 UGKG U 
440 UGKG U 
460 UGKG U 
66 UGKG J 
80 UGKG J 

400 UGKG U 
43 UGKG J 
52 UGKG J 

500 UGKG U 
96 UGKG J 

450 UGKG U 
390 UGKG U 
380 UGKG U 
400 UGKG U 
400 UGKG U 
36 UGKG J 

340 UGKG U 
380 UGKG U 
360 UGKG U 

62 UGKG J 
370 UGKG U 
55 UGKG J 
79 UGKG J 

380 UGKG U 
39 UGKG J 

380 UGKG U 
900 UGKG 
380 UGKG U 
400 UGKG U 

91 UGKG J 
730 UGKG 
440 UGKG U 
440 UGKG U 
120 UGKG J 
104 UGKG J 
93 UGKG J 

II.3-111 
Part II: 3-2-6.wql Qualifier and validation codes are explained in Table IIL3.6-1 

54 UGKG J 
320 UGKG J 
340 UG/KG J 

108 UGKG J 
47 UGKG J 

200 UGKG J 
110 UGKG J 

270 UGKG J 
65 UGKG J 

360 UG/KG U 

1700 UGKG 

4700 UGKG 

V 
V 
A 
A 
A 
V 
V 
A 
JA 
V 
V 
V 
A 
JA 
JA 
V 
A 
A 
V 
A 
A 
JA 
A 
V 
V 
V 
V 
V 
A 
V 
JA 
JA 
A 
V 
A 
A 
JA 
A 
V 
V 
V 
V 
A 
V 
V 
V 
A 
A 
A 

A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
A 
V 

380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
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TABLE 11.3.2-6 

SURFICIAL SOIL 
ORGANIC P O T E ~ A L  CONTAMINAhX5 OF CONCERN 

Result Detect 

SS401393 sS40029AE 
SS401493 sS40030AE 
SS401593 SS40031AE 
SS401693 sS40032AE 
SS401793 sS40033AE 
SS401893 sS40034AE 
SS401993 sS40035AE 
SS402093 SS40036AE 
ss402193 sS40037AE 
SS402293 Ss40038AE 
ss402293 SS40016AE 
ss402393 sS40039AE 
ss402493 ss4oo4oAE 
SS402593 sS40041AE 
Ss402693 SS40199AE 
SS402793 sS40043AE 
SS402893 SS40044AE 
SS402993 SS40045AE 
SS403093 sS40046AE 
SS403193 ssQoo47AE 
SS403293 SS40048AE 
SS403393 Ss40049AE 
ss403493 sS4005oAE 
SS403593 sS40051AE 
SS403693 SS40052AE 

40093 ss40060AE 
40193 SS40485AE 
40293 ssQoo42AE 
40393 sS40053AE 
40593 sS40054AE 
40693 SS40057AE 
40793 sS40058AE 
40893 SS4oO04AE 

40993 sS40072AE 
40993 ss40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 ss4041OAE 
41793 SS40077AE 
41193 SS40069AE 
41893 Ss4ooo3AE 
41993 ss4ooo9AE 
42093 ss40480AE 
42093 SS40013AE 
42293 sS40078AE 
42393 sS40079AE 
42693 Ss40080AE 
42993 SS40056AE 
43193 sS40084AE 
43293 SS40006AE 
43493 SS40086AE 
43593 SS40061AE 
43193 SS40088AE 
43893 SS4OOlOAE 
43993 ss40091AE 
44093 ss40090AE 
44193 SS40011AE 
44393 sS4ooo5AE 
44793 SS40055AE 
44893 sS40070AE 
45693 SS40094AE 
45793 SS40015AE 

* 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

sS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
sS40072AE TRG 

TRG 
TRG 
TRG 
REX 

sS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 

FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLu0RA"ENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLOORANTItENE 
FLUORANTHENE 
FLu0RA"Em 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLu0RA"ENE 
FLUORANTHENE 
FLXJORANTHENE 
n u 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLu0RA"ENE 
F L U 0 R A " E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U 0 R A " E N E  
FLUORANTHENE 

II.3-112 

470 U G K G  U 
110 UGKG J 
710 U G K G  
250 UG/KG J 
920 UGKG 
310 U G K G  J 
300 UGKG J 
90 UGKG J 

150 UGKG J 
74 U G K G  J 

310 U G K G  J 
92 U G K G  J 

440 U G K G  U 
370 U G K G  J 

210. U G K G  J 
63 UGKG J 

300 U G K G  J 
460 U G K G  U 
220 UGKG J 

98 U G K G  J 
43 UGKG J 
40 UGKG J 

200 U G K G  J 
480 U G K G  U 
460 UGKG U 
450 U G K G  U 

70 UGKG J 
460 UGKG U 

2100 UGKG 

IO00 U G K G  

1200 UGKG 
1400 U G K G  
190 UGKG J 
770 U G K G  
800 UGKG 
370 UGKG J 
430 U G K G  J 
140 UGKG J 
220 UGKG J 
220 U G K G  J 
270 U G K G  J 
290 UGKG J 

48 UGKG J 
340 U G K G  U 
380 UGKG U 
500 UGKG 
130 UGKG J 
150 UGKG J 
130 UGKG J 

380 U G K G  U 
130 UGKG J 
120 UGKG J 
280 U G K G  J 
380 UGKG U 
110 UGKG J 
52 UGKG J 
160 UGKG J 
72 UGKG J 

440 UGKG U 
540 UGKG 

1100 UGKG 

3000 UGKG 

Part I 1  3-2-6.wql Qualifier and validation d e s  are explained in Table 111.3.6-1 

V 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
A 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
JA 
V 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
V 

410 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 

Page 11 of 15 



TABLE 113.2-6 

smaAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 

46193 ss40096AE 

ss400193 sS40017AE 
ss400293 SS40018AE 
ss400393 sS40019AE 
ss400493 sS40020AE 
SS400593 SS40021AE 
ss400693 sS40022AE 
sS400793 sS40023AE 
ssQoo893 sS40024AE 
SS400993 SS40025AE 
ss401093 sS40026AE 
SS401193 SS40027AE 
sS401293 SS40028AE 
SS401393 SS40029AE 
SS401493 SS40030AE 
SS401593 ss40031AE 
SS401693 SS40032AE 
SS401793 sS40033AE 
SS401893 SS40034AE 
SS401993 sS40035AE 
SS402093 sS40036AE 
SS402193 sS40037AE 
SS402293 sS40038AE 
SS402293 sS40016AE 
SS402393 sS40039AE 
SS402493 SS4o04oAE 
SS402593 ss4M)41AE 
SS402693 SS40199AE 
SS402793 SS40043AE 
SS402893 sS40044AE 
ss402993 sS40045AE 
SS403093 SS40046AE 
SS403193 SS40047AE 
SS403293 sS10048AE 
SS403393 SS40049AE 
SS403493 sS4005oAE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 SS40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 sS40053AE 
40593 sS40054AE 
40693 sS40057AE 
40793 SS40058AE 
40893 SS4OOO4AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 sS40069AE 
41893 Ss4ooo3AE 
41993 SS40009AE 
42093 SS40480AE 
42093 SS40013AE 
42293 ~ ~ 4 0 0 7 8 ~ ~  0 42393 sS40079AE 
42693 sS4008OAE 
42993 SS40056AE 

REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL ~ 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 

TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

’ TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
ss40072AE TRG 

TRG 
TRG 
TRG 
REX 

sS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 

FLUORANTHENE 

INDENO( 123cd)PYRENE 
INDENO( 123ed)PYRENE 
INDENO( 133cd)PYRENE 
INDENO( 123ed)PYRENE 
INDENO(123cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(133cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(123-cd)PYRENE 
INDENO(l23cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 133cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( lJ3-cd)PYRENE 
INDENO( 1 23cd)PYRENE 
INDENO( 133cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO(l23cd)PYRENE 
INDENO( 133cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
W E N O (  133cd)PYRENE 
INDENO(l23cd)PYRENE 
INDENO(123ed)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123ed)PYRENE 
INDENO(133ed)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 123ed)PYRENE 
INDENO(133cd)PYRENE 
INDENO(123ed)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123ed)PYRENE 
INDENO( 1334)PYRENE 
INDENO(123ed)PYRENE 
INDENO(l23cd)PYRENE 
INDENO( 123ed)PYRENE 
INDENO( 1,23cd)PYRENE 
INDENO( 1,23cd)PYRENE 
INDENO( 123td)PYRENE 
INDENO(l23cd)PYRENE 
INDENO(l23cd)PYRENE 
INDENO(123cd)PYRENE 

190 UGKG J 

II.3-113 
Part I 1  3-2-6.wql Qualifier and validation codes are explained in Table 111.3.6-1 

370 UGKG U 
110 UGKG J 
210 UGKG J 
650 UGKG 
73 UGKG J 

360 UGKG U 
42 UGKG J 
61 UGKG J 

74 UGKG J 
51 UGKG J 

360 UGKG U 
470 UGKG U 
380 UGKG U 
270 UGKG J 

90 UGKG J 
300 UGKG J 
140 UGKG J 
120 UGKG J 
43 UGKG J 

930 UGKG 
350 UGKG U 
360 UGKG U 

87 UGKG J 
440 UGKG U 
440 UGKG U 
170 UGKG J 
340 UGKG J 
150 UGKG J 
340 UGKG U 
110 UGKG J 
460 UGKG U 
87 UGKG J 

630 UGKG U 
420 UGKG U 
390 UGKG U 
150 UGKG J 
480 UGKG U 
460 UGKG U 
450 UGKG U 
440 UGKG U 
460 UGKG U 
480 UGKG J 
480 UGKG J 
76 UGKG J 

270 UGKG J 
340 UGKG J 
140 UGKG J 
740 UGKG U 

60 UGKG J 
390 UGKG U 
380 UGKG U 
110 UGKG J 
90 UGKG J 

350 UGKG U 
340 UGKG U 
380 UGKG U 
210 UGKG J 
520 UGKG U 
58 UGKG J 

1600 UGKG 

A 

V 
A 
A 
JA 
A 
JA 
A 
A 
JA 
A 
A 
V 
V 
V 
A 
A 
A 
A 
A 
A 
JA 
V 
V 
A 
V 
V 
A 
A 
A 

A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
JA 
A 
JA 
JA 
A 
A 
V 
JA 
JA 
A 
JA 
A 

v .  

420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
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TABLE II.33-6 

SURFICIALSOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect 
Location W p l e  No. Q C  Code QC Partner Type Chemical Result Units' Qual. Valid Limit 

43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 
43593 SS40061AE 
43793 SS40088AE 
43893 SS4001oAE 
43993 sS40091AE 
44093 ss40090AE 
44193 sS40011AE 
44393 SS40005AE 
44793 sS40055AE 
44893 SS4007oAE 
45693 sS40094AE 
45793 SS40015AE 
46193 SS40096AE 

SS400193 SS40017AE 
ss400293 SS40018AE 
SS400393 SS40019AE 
ss400493 S S 4 m A E  
sS400593 sS40021AE 
sS400693 SS4OO22AE 
sS400793 sS40023AE 
ss400893 sS40024AE 
ss400993 sS40025AE 
SS401093 SS40026AE 
SS401193 SS40027AE 
SS401293 SS40028AE 
SS401393 sS40029AE 
SS401493 sS40030AE 
Ss401593 sS40031AE 
SS401693 SS40032AE 
SS401793 sS40033AE 
SS401893 sS40034AE 
SS401993 sS40035AE 
SS402093 SS40036AE 
ss402193 sS40037AE 
SS402293 SS40038AE 
SS402293 SS40016AE 
SS402393 SS40039AE 
ss402493 SS4004oAE 
SS402593 SS40041AE 
SS402693 SS40199AE 
ss402793 SS40043AE 
SS402893 SS40044AE 
SS402993 SS40045AE 
SS403093 sS40046AE 
SS403193 SS40047AE 
SS403293 SS40048AE 
SS403393 sS40049AE 
SS403493 SS40050AE 
SS403593 SS40051AE 
SS403693 SS40052AE 

40093 sS40060AE 
40193 SS40485AE 
40293 SS40042AE 
40393 SS40053AE 
40593 SS40054AE 
40693 SS40057AE 
40793 SS40058AE 
40893 SS40004AE 
40993 SS40072AE 

a 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 

REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 

INDENO( 1234)PYRENE 
INDENO(1,2,34)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 1234)PYRENE 
INDENO( 1234)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 1 2 3 c d ) P W N E  
INDENO(1,2$cd)PYRENE 
INDENO( 123Cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO( 133Cd)PYRENE 
INDENO(123cd)PYRENE 
INDENO( 123cd)PYRENE 
INDENO(123ed)PYRENE 

PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 

360 UGKG U 
590 UGKG 
380 UGKG U 
70 UGKG J 
55 UGKG J 
99 UGKG J 

380 UGKG U 
400 UGKG U 
360 UGKG U 
77 UGKG J 

440 UGKG U 
440 UGKG U 
170 UGKG J 
410 UGKG J 
79 UGKG J 

41 UGKG J 
220 UGKG J 
310 UGKG J 

77 UGKG J 
40 UGKG J 

190 UGKG J 
73 UGKG J 

190 UGKG J 
480 UGKG U 
360 UGKG U 
470 UGKG U 
65 UGKG J 

680 UGKG 
160 UGKG J 
610 UGKG 
220 UGKG J 
180 UGKG J 
55 UGKG J 

120 UGKG J 
48 UGKG J 

180 UGKG J 
65 UGKG J 

440 UGKG U 
190 UGKG J 
950 UGKG 
180 UGKG J 
38 UGKG J 

290 UGKG J 
460 UGKG U 
180 UGKG J 
74 UGKG J 

420 UGKG U 
390 UGKG U 
74 UGKG J 

480 UGKG U 
460 UGKG U 
450 UGKG U 
440 UGKG U 
460 UGKG U 
860 UGKG 

1100 UGKG 
120 UGKG J 
490 UGKG 

1200 UGKG 

3700 UGKG 

1500 UGKG 

II.3-114 
Part I 1  3-2-6.wql Qualifier and validation codes are explained in Table 111.3.6-1 

JA 
JA 
JA 
A 
A 
A 
V 
JA 
V 
A 
JA 
JA 
A 
A 
A 

A 
A 
A 
V 
A 
'A 
A 
A 
V 
A 
V 
V 
V 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 

360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

360 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
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TABLE II.33-6 

SURElCIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 

40993 SS40412AE 
41193 SSQ0007AE 
41293 SS40071AE 
41693 sS4041OAE 
41793 sS40077AE 
41793 SS40069AE 
41893 SS40003AE 
41993 SS4OOO9AE 
42093 SS40480AE 
42093 SS40013AE 

42393 sS40079AE 
42693 SS4008OAE 
42993 5540056AE 
43193 SS40084AE 
43293 SS40006AE 
43493 SS40086AE 
43593 SS40061AE 
43793 sS40088AE 
43893 sS4001OAE 
43993 sS40091AE 
44093 sS40090AE 
44193 SS40011AE 
44393 ss4OoO5AE 
44793 sS40055AE 
44893 sS40070AE 
45693 sS40094AE 
45793 SS40015AE 
46193 SS40096AE 

_--___-___ --_-------- 

42293 ss4oo7am 

55400193 
sS400293 
SS400393 
sS400493 
55400593 
SS400693 
sS400793 
SS400893 
sS400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
55401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 
SS402193 
SS402293 
SS402293 
w2393 
SS402493 
SS402593 
SS402693 
SS402793 
SS402893 
SS402993 
SS403093 
SS403193 

a 

sS40017AE 
sS40018AE 
5540019AE 
SS40020AE 
SS40021AE 
ss40022AE 
sS40023AE 
ss40024AE 
SS40025AE 
SS40026AE 
SS40027AE 
SS40028AE 
SS40029AE 
SS40030AE 
SS40031AE 
SS40032AE 
ss40033AE 
ss40034AE 
sS40035AE 
SS40036AE 
sS40037AE 
ss40038AE 
SS40016AE 
sS40039AE 
SS4004OAE 
sS40041AE 
SS40199AE 
sS40043AE 
SS40044AE 
ss40045AE 
SS40046AE 
sS40047AE 

Part I1 3-2-6.wql 

QC Code QC Partner 

DUP sS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP SS40077AE 
REAL 
REAL 
REAL 
DUP SS40480AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

-_--I--_- _---------------. 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

Result 
Type - I-------. 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

ss40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

Chemieal 

PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 

. ______________--______________I____ 

PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE . 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 

II.3-115 
Qualifier and validation codes are explained in Table I 

Result Units Qual. 
__I__-____ _-_-_- -_ -------. 

5 2 0  U G K G  
270 U G K G  J 
270 U G K G  J 

98 U G K G  J 
140 U G K G  J 
200 U G K G  J 
180 U G K G  J 
180 U G K G  J 
37 U G K G  J 

340 U G K G  U 
380 U G K G  U 
340 U G K G  J 

99 U G K G  J 
130 U G K G  J 
81 U G K G  J 

380 U G K G  U 
57 U G K G  J 
87 U G K G  J 

170 U G K G  1.  
380 U G K G  U 
78 U G K G  J 

360 U G K G  U 
130 U G K G  J 
440 U G K G  U 
440 U G K G  U 
390 U G K G  J 
940 U G K G  
150 U G K G  J 

2300 U G K G  

Valid 

V 
A 
A 
A 
,A 
A 
A 
A 
A 
V 
JA 
A 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A .  
V 
A 
V 
V 
A 
V 
A 

, -------- - 

54 U G K G  J A 
350 U G K G  J A 
570 U G K G  V 

1300 U G K G  V 
130 U G K G  J A 
100 U G K G  J A 
180 U G K G  J A 
93 U G K G  J A 

3600 U G K G  V 
260 U G K G  J A 
51 U G K G  J A 

360 U G K G  U V 
470 U G K G  U V 
130 U G K G  J A 
760 U G K G  V 
180 U G K G  J A 
670 U G K G  V 
260 U G K G  J A 
320 U G K G  J A 

66 U G K G  J A 
1900 U G K G  V 

130 U G K G  J A 
75 U G K G  J A 

210 U G K G  J A 
65 U G K G  J A 

440 U G K G  U V 
310 U G K G  J A 

1100 U G K G  V 
370 U G K G  V 
57 U G K G  J A 

310 U G K G  J A 
460 U G K G  U V 

Detect 
Limit 

400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

_-------- 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
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TABLE 113.2-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location- sample No. 

a 0 3 2 9 3  SS40048AE 
ss403393 SS40049AE 
SS403493 SS4005OAE 
SS403593 SS40051AE 
SUO3693 SS40052AE 

40193 SS40485AE 
40293 SS40042AE 
40393 sS40053AE 
40593 sS40054AE 
40693 sS40057AE 
40793 SS40058AE 
40893 SS4OOO4AE 
40993 SS40072AE 
40993 SS40412AE 
41193 SS40007AE 
41293 sS40071AE 
41693 SS4041OAE 
41793 SS40077AE 
41793 sS40069AE 
41893 SS40003AE 
41993 SS40009AE 
42093 SS40480AE 
42093 SS40013AE 
42293 sS40078AE 
42393 a 0 0 7 9 A E  
42693 sS40080AE 
42993 SS40056AE 
43193 sS40084AE 
43293 SS40006AE 
43493 sS40086AE 
43593 sS40061AE 
43193 SS40088AE 
43893 SS4001OAE 
43993 sS40091AE 
44093 ss40090AE 
44193 SS40011AE 
44393 SS4OoO5AE 
44793 SS40055AE 
44893 sS40070AE 
45693 sS40094AE 
45793 SS40015AE 
46193 sS40096AE 

---_----I- _l_ll----_ 

49093 ss4006oAE 

e 

QC Code QC Partner 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL Ss40412AE 
DUP sS40072AE 
REAL 
REAL 
REAL 
REAL 
DUP ssQoo77AE 
REAL 
REAL 
REAL 
DUP SS40480AE 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

-1-1- 

Result 
m e  

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

Chemical 

PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE . 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 

-_______ ~ 

Result Units Qual. 

210 U G K G  J 
90 U G K G  J 
49 U G K G  J 

390 U G K G  U 
210 U G K G  J 
480 U G K G  U 
460 U G K G  U 

. 450 U G K G  U 
71 U G K G  J 

460 U G K G  U 

__---- ----- 

1200 U G K G  
1400 U G K G  

180 U G K G  J 
820 U G K G  
880 U G K G  
340 U G K G  J 
420 U G K G  J 
150 U G K G  J 
270 U G K G  J 
410 U G K G  
290 U G K G  J 
310 U G K G  J 
53 U G K G  J 

340 U G K G  U 
380 U G K G  U 
660 U G K G  
210 U G K G  J 
170 U G K G  J 
150 U G K G  J 

380 U G K G  U 
140 U G K G  J 
140 U G K G  J 
230 U G K G  J 
380 U G K G  U 
140 U G K G  J 
48 U G K G  J 

190 U G K G  J 
86 U G E G  J 

440 U G K G  U 
460 U G K G  J 

200 U G K G  J 

2900 U G K G  

1200 U G K G  

Part XI: 3-2-6.wql 

II.3-116 
Qualifier and validation codes are explained in Table 111.3.6-1 

Valid. 

A 
A 
A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
A 
V 
V 
A 
A 
A 
A 
JA 
A 
A 
A 
V 
JA 
JA 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
A 

----- 
Detect 

Limit 

440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590, 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 
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Benzo(b)fluorant hene 

The surficial soil analytical results for benzo(b)fluoranthene are presented on Figure 
II.3.2-18 and in Table II.3.216. Of the 72 samples'&alyzed, 57 samples (79 percent) had 
detectable concentrations including estimated values. Thirteen of the 57 detections were above . 
the CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the 13 detections above the CRQL, eight lie in OU4, as shown 
on Figure II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, on the 
berm near the southwestern corner of SEP 207-A, on the western and northern berms of SEP 
207-C, and in the seep area north of SEP 207-C. 

The surficial soil analytical results for benzo(ghi)perylene are presented on Figure II.3.2- 
19 and in Table II.3.2-6. Of the 72 samples analyzed, 37 samples (51 percent) had detectable 
concentrations including estimated values. Only four of the 37 detections were above the 
CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the four detections above the CRQL, only one lies in OU4, as 
shown on Figure II.3.2-16. It occurs in the northwestern panhandle adjacent to the PSZ. 

Benzo&)fluoranthene 

The surficial soil analytical results for benzo(k)fluoranthene are presented on Figure 
II.3.2-20 and in Table II.3.2-6. Of the 72 samples analyzed, 58 samples (81 percent) had 
detectable concentrations including estimated values. Only 12 of 58 detections were above the 
CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection l i ~ t .  Of the 12 detections above the CRQL, seven lie in OU4, as shown 
on Figure II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, on the 
berms near the northern edge and the southwestern corner of SEP 207-C, on the berm at the 
northwestern corner of SEP 207-A, and in the seep area north of SEP 207-C. 

0 

The surfkial soil analytical results for bis(2-ethylhexyl)phthalat.e are presented on Figure 
II.3.2-21 and in Table II.3.2-6. Of the 72 samples analyzed, 57 samples (79 percent) had 
detectable concentrations including estimated values. Eleven of the 57 detections were above 
the CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the 11 detections above the CRQL, only four lie in OU4, as 
shown on Figure II.3.2-16. These occur at the drainage tile outfall just north of SEPs 207-A 
and 207-B North, in the seep area north of that location, and off the northeastern comer of SEP 
207-B North. 
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Chrysene 

The surficial soil analytical results for chrysene are presented on Figure II.3.2-22 and 
in Table II.3.2-6. Of the 72 samples analyzed, 49 samples (68 percent) had detectable 
concentrations including estimated values. Only eight of the 49 detections were above the 
CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the eight detections above the CRQL, only four lie in OU4, as 
shown on Figure II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, in 
the seep area north of SEP 207-C, and on the berm near the southwestern comer of SEP 207-A. 

0 

Di-n-butyl phthalate 

The surficial soil analytical results for di-n-butyl phthalate are presented on Figure II.3.2- 
23 and in Table II.3.2-6. Of the 72 samples analyzed, 30 samples (42 percent) had detectable 
concentrations including estimated values. Only four of the 30 detections were above the 
CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the four detections above the CRQL, two lie in OU4, as shown 
on Figure II.3.2-16. These occur near the southwestem comer of SEP 207-A. 

F- 

The surficial soil analytical results for fluoranthene are presented on Figure II.3.2-24 and 
in Table II.3.2-6. Of the 72 samples analyzed, 59 samples (82 percent) had detectable 
concentrations including estimated values. Thirteen of the 59 detections were above the CRQL; 
the remainder were estimated concentrations that lie below the CRQL, but above the instrument 
detection limit. Of the 13 detections above the CRQL, nine lie in OU4, as shown on Figure 
II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, on the berm near the 
southwestern comer of SEP 207-A, on the western and northern berms of SEP 207-C, and in 
the seep area north of SEP 207-C. 

0 

Indeno(l.2.3-cdlpvrene 

The surficial soil analytical results for indeno(l,2,3-cd)pyrene are presented on Figure 
II.3.2-25 and in Table II.3.2-6. Of the 72 samples analyzed, 42 samples (58 percent) had 
detectable concentrations including estimated values. Only four of the 42 detections were above 
the CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the four detections above the CRQL, only one lies in OU4, as 
shown on Figure II.3.2-16. It occurs in the northwestern panhandle adjacent to the PSZ. 

Phenanthreng 

The surficial soil analytical results for phenanthrene are presented on Figure II.3.2-26 
and in Table II.3.2-6. Of the 72 samples analyzed, 31 samples (43 percent) had detectable 
concentrations including estimated values. Eleven of the 31 detections were above the CRQL; 
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the remainder were estimated concentrations that lie below the CRQL, but above the instrument 
detection limit. Of the 11 detections above the CRQL, seven lie in OU4, as shown on Figure 
II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, in the seep area 
north of SEP 207-C, and on the berms near the southwestern corner of SEP 207-A and north 
side of SEP 207-C. 

0 

The syrficial soil analytical results for pyrene are presented on Figure II.3.2-27 and in 
Table II.3.2-6. Of the 72 samples analyzed, 59 samples (82 percent) had detectable 
concentrations including estimated values. Fourteen of the 59 detections were above the CRQL; 
the remainder were estimated concentrations that lie below the CRQL, but above the instrument 
detection limit. Of the 14 detections above the CRQL, 10 lie in OU4, as shown on Figure 
II.3.2-16. These occur in the northwestern panhandle adjacent to the PSZ, in the seep area 
north of SEP 207-C, and on the berms near the southwestern and northeastern comers of SEP 
207-A and western and northern berms of SEP 207-C. 

Aroclor- 1254 

The suficial soil analytical results for the PCB Aroclor-1254 are presented on Figure 
II.3.2-28 and in Table II.3.2-6. Of the 72 samples analyzed, only eight samples (11 percent) 
had detectable concentrations including estimated values. Six of the eight detections were above 
the CRQL; the remainder were estimated concentrations that lie below the CRQL, but above the 
instrument detection limit. Of the six detections above the CRQL, only two lie in OU4, as 
shown on Figure II.3.2-16. These occur at the southern berm of SEP 207-A and adjacent to the 
eastern berm of SEP 207-B Center. 

e 
In summary, the organic PCOCs detected in the surficial soils at OU4 have a very limited 

distribution. For the most part, they typically occur together at only a few locations: in the 
northwestern panhandle adjacent to the PSZ, in the seep area north of SEP 207-C, and on the 
berms near the southwestern corner of SEP 207-A and western and northern berms of SEP 207- 
C. Other sporadic locations include samples immediately south of SEP 207-A, the drainage tile 
discharge north of SEP 207-A and 207-B North, and the eastern side of SEP 207-B Center. The 
nature and extent of these organic PCOCs are discussed in greater detail in Section II.4. 

e 022M2437/13.WPF 
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II.3.3 VADOSE ZONE INVESTIGATION RESULTS 

This section presents the results of the vadose zone investigation. The vadose zone 
investigation was conducted to characterize the physical and chemical properties of the vadose 
zone geologic materials and pore waters, to evaluate the distribution of contaminants in the 
vadose zone, and to characterize vadose zone migration pathways and flow system. Samples 
were gathered on a random basis from boreholes within suspected migration pathways and are 
believed to be representative sampling of both alluvium and bedrock materials. Section II.2.5 
describes the data collection procedures. Data gathered during this investigation also facilitated 
selection of equipment for closure and post-closure monitoring. Physical and chemical 
properties of the vadose zone geologic materials and pore waters were determined by field and 
laboratory methods. Measurement of some of these properties allowed determination of 
parameters that control contaminant flow and transport in the vadose zone beneath the OU4. 

II.3.3.1 Definition of the Vadose Zone 

The vadose zone is defined in this report as the subsurface interval between the ground 
surface and the uppermost ground water table where pore water is at less than atmospheric 
pressure. The vadose zone includes geologic materials consisting of the Rocky Flats Alluvium 
(RFA), colluvium, valley fill alluvium, disturbed materials, and artificial fill materials which are 
collectively referred to as RFA and associated soils. Bedrock strata of the Arapahoe Formation 
may also be included in the vadose zone where the water table is below the top of bedrock. 
Because the ground water table fluctuates seasonally, the thickness of the vadose zone also varies 
seasonally. The thickness of the vadose zone is least in the spring when the ground water table 
is at its highest elevation. The greatest thickness of the vadose zone is during the late summer 
and fall when ground water levels are at their lowest elevation. The vadose zone varies in 
thickness from about zero at seep locations on the north hill slope to about 20 feet in the area 
of the ITS. A complete description of the vadose zone is contained within Section II.3.3.3. 

0 

II.3.3.2 Laboratory-Determined Physical Properties of the Vadose Zone 

Laboratory-determined physical and hydraulic properties of vadose zone soils and bedrock 
lithologies were determined by D. B. Stephens and Associates (DBS) of Albuquerque, New 
Mexico. Twenty-five undisturbed core samples ("physical property samples") were selected 
from 14 vadose zone borings drilled for the installation of lysimeters and neutron probe access 
tubes. These core samples were collected during the late winter and early spring of 1993. 
Fourteen additional core samples were selected from five borings drilled in SEPs 207-B North 
and 207-B Center during November 1993 ("B-pond samples"). These samples were only 
analyzed for gravimetric moisture content by IT Corporation's laboratory in St. Louis, Missouri. 
The physical property samples and the B series SEPs samples are listed in Table II. 3.3- 1, while 
Figure II.3.3-1 shows the location of these samples. Eight RFA soil and three bedrock lithology 
types comprise the physical property samples. Three RFA soil and one bedrock lithology type 
comprise the B Series SEPs. 
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TABLE 11.3.3-1 

SAMPLES SELECTED FOR LABORATORY PHYSICAL AND CHEMICAL ANALYSIS 
BY D.B. STEPHENS AND ASSOCIATES 

Sample Geologic 
Number unit 

BH40396AE Alluvium 

Location Depth 
Interval 

(feet) 

3.2 - 3.9 40593 

BH40397AE 

BH40398AE 

BH40401AE 

BH40402AE 

BH40403AE 

BH40404AE 

BH40405AE 

BH40406AE 

BH40407AE 

BH40408AE 

BH40600AE 

40593 
~ 

Alluvium 10.0 - 10.7 

Alluvium 15.3 - 16.0 

Alluvium 20.3 - 21.0 

Bedrock 25.3 - 26.0 

Alluvium 3.3 - 4.0 

Bedrock 10.3 - 11.0 

Alluvium 4.3 - 5.0 

Bedrock 12.0 - 12.7 

Alluvium 4.0 - 4.5 

Bedrock 13.1 - 13.8 

Alluvium 4.0 - 4.7 

40593 

40593 

41793 

41793 

40593 

40393 

BH4060 1 AE Alluviuin 4.1 - 4.8 

BH40602AE Alluvium 7.0 - 7.7 

40393 

44393 

4 1293 

43793 

44393 

44093 

BH40603AE Bedrock 4.1 - 4.8 

BH40604AE Bedrock 12.0 - 12.8 

44093 

43193 

40693 

40793 

BH40605AE Bedrock 2.1 - 2.8 

BH40606AE Alluvium 4.0 - 4.5 

40993 

40993 

40993 

42893 

43693 

41593 

46593 

BH40608AE Alluvium 4.0 - 4.7 

BH40609AE Bedrock 10.0 - 10.8 

BH406 lOAE Bedrock 32.7 - 33.8 

BH406 1 1 AE Alluvium 3.0 - 3.7 

BH40612AE Alluvium 1.1 - 1.7 

BH406 13AE Alluvium 0.4 - 1.1 

SS40 140AE Alluvium 0.58-0.67 

1 I I 

1 -  I I 

40793 I BH40607AE I Alluvium I 6.1 - 6.8 
I I 
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The laboratory tests performed and methods used are listed in Table II.3.3-2. Laboratory 
methods included procedures developed by the American Society of Testing and Materials 
(ASTM), EPA, and the American Society of Agronomy (Methods of Soil Analysis LMOSA]; 
Klute, 1986). The laboratory data and methods are presented in Appendix II.P. 

* 
11.3.3.2.1 Moisture Content 

The relative wetness of soil or rock is usually expressed in terms of volumetric or 
gravimetric moisture content. Volumetric moisture content is the ratio of the volume of water 
within a soil or rock to the total material volume. Volumetric moisture content, at any degree 
of saturation, represents the depth of water per unit depth of soil (Hillel, 1982). Volumetric 
moisture content is expressed in volume percent (percent, cm3/cm3). Gravimetric moisture 
content is the ratio of the mass of water within the soil or rock to the mass of the dry soil or 
rock. Gravimetric moisture content is expressed in weight percent (percent, g/g). Initial 
volumetric ahd gravimetric moisture content is a measure of the in sinc soil moisture content at 
the time of sample collection. Saturated moisture content is the moisture content of a sample 
fully saturated at the laboratory. Initial and saturated moisture contents were determined using 
ASTM Method D2216-92. 

The relative wetness of a soil or rock is largely influenced by the fractional percentage 
of coarse and fme particle sizes, Geologic materials with larger percentages of fine particle 
fractions generally have higher porosities and moisture contents (high "moisture-holding 
capacity" soils). Generally, soils composed of coarser particle fractions have larger voids and 
lower porosity, both attributes that minimize the quantity of water in the soil under both 
saturated and unsaturated conditions (low "moisture-holding capacity" soils). Within the vadose 
zone, soils composed of predominantly coarse particles are typically much drier than fine-grained 
soils at the same matric potential. 

@ 

Moisture-holding capacity in geologic materials is also influenced by the type of clay 
mineral. Some clays have expandable lattices that allow for significant absorption of water 
within the double layer of a clay platelet. The double layer size depends upon the surface 
charge density of the clay, the cation valence and ionic radius, and the concentrations of cations 
in the surrounding pore water. During saturation, the double layer is extended and the clay 
platelets swell, affecting the comparison of calculated porosity and saturated volumetric moisture 
content. Here the calculated porosity is computed from particle and dry bulk density, while 
saturated moisture content is determined analytically. 

Initial Gravimetric Moisture Content 

Initial volumetric and gravimetric moisture contents determined for physical property 
samples are presented in Table II.3.3-3. The physical property samples consist of 16 RFA and 
associated soils and nine bedrock cores. Also listed in Table II.3.3-3 are the initial gravimetric 
moisture contents determined for the 13 RFA and associated soils and one bedrock core samples 
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TABLE II.3.3-3 

e RESULTS OF MOISTURE CONTENT ANALYSES 
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TABLE 11.3.3-3 

RESULTS OF MOISTURE CONTENT ANALYSES 
(continued) 

BH406 13AE 15.1 23.2 

S S40 140AE 14.98 25.6* 

BH40824AE 

BH40816AE I 7.18 I 13.7* 

BH40817AE I 8.15 I 15.3* 

*Estimated Volumetric Moisture Contents from Analytical Gravimetric Moistures 
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collected from beneath the B Series SEPs. Samples collected from beneath the B Series SEPs 
may have lower initial moisture contents because these samples were collected during the fall 
when the vadose zone is thicker. @ 

Initial gravimetric moisture content for the 29 RFA and associated soils ranged between 
2.1 and 24.6 percent and averaged 12.1f5.2 percent (f represents standard deviation). The 
minimum initial gravimetric moisture contents (3.3 and 2.1 percent) were measured in boreholes 
43193 (sample BH40600AE) and 44393 (sample BH40405AE). The relative wetness of these 
samples is limited because they are composed of about 96 and 62 percent coarse-grained 
particles, respectively. The maximum initial gravimetric water content (24.6 percent) was 
observed at borehole 44093 (sample BH40407AE). This sample has a high moisture-holding 
capacity because it is composed of about 65 percent fine-grained particles and has a porosity of 
about 46 percent. 

The initial gravimetric moisture contents for the nine bedrock siltstone and claystone 
samples ranged between 15.5 and 25.1 percent and averaged 20.423.3 percent. The minimum 
initial gravimetric moisture content is from a siltstone collected between 12.0 and 12.7 feet 
below ground surface (ft bgs) at borehole 44393 (sample BH40406AE). The maximum initial 
gravimetric moisture content of 25.1 percent was measured in a sample collected between 10.3 
and 11.0 ft bgs at borehole 40393 (sample BH40404AE). This sample was collected within the 
saturated zone near the ITS. The only bedrock sandstone sample analyzed had an initial 
gravimetric moisture content of 11.0 percent. This sample was collected between 10.0 and 10.8 
ft bgs at borehole 40993 (sample BH40609AE). 

Figure II.3.3-2 is a graph of initial gravimetric moisture content versus depth below 
ground surface (bgs). In the RFA and associated soils, initial gravimetric moisture content 
varies to a depth of about 10 ft bgs. This is apparent because of the range of moisture contents 
observed over these depths. Although there are limited data for the deeper RFA and associated 
soils, there may be a slight general increase in moisture content with depth below 10 feet. 

Soils with higher clay contents generally have higher moisture-holding capacity than 
sandy soils. Figure II.3.3-3 is a graph of clay content versus initial gravimetric moisture 
content. This figure shows an apparent boundary at approximately 40 percent clay content for 
RFA and associated soils. Core samples with less than 40 percent clay are representative of the 
RFA, whereas core samples containing greater than about 40 percent clay are representative of 
bedrock siltstone and claystone lithologies. Because of the higher clay content, the bedrock 
lithologies generally have a higher initial and saturated gravimetric moisture content than the 
RFA and associated soils. 

Several of the samples shown on Figure II.3.3-3 are labeled because they show unique 
physical properties. Sample BH40401AE (borehole 40593) was collected from between 20.3 
and 21.0 fi bgs and was assigned to the RFA and associated soils. Containing 55 percent clay 
content, this sample plots above the apparent 40 percent clay content boundary and within the 
bedrock lithologies on Figure II.3.3-3. A bedrock sandstone sample collected between 10.0 and 
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10.8 fi bgs at borehole 40993 (sample BH40609AE) plots within the area of the RFA and 
associated soils because the sample contains 15 percent clay content. However, the gravimetric 
moisture content of this bedrock sandstone sample is approximately 8 percent wetter than other 
sandy soils (samples BH40405AE and BH40600AE). 

e 
Initial Volumetric Moisture Content 

For the physical property samples consisting of 16 RFA and associated soils and nine 
bedrock cores, initial volumetric moisture content was calculated from the initial gravimetric 
moisture content and the dry bulk density of the sample using ASTM Method D2216-90. Initial 
volumetric moisture content (ev, percent cubic centimeter per cubic centimeter (percent, cm3/cm3 
)) is calculated using the following volumetric-gravimetric moisture equation: 

where o is gravimetric moisture content (percent gram per gram mrcent, g/g]), P b  is the dry 
bulk density (grams per cubic centimeter [9/cm3]), and pw is density of water (assumed to be 1.0 
g/cm3). 

For the 13 RFA and associated soils and the one bedrock samples obtained from beneath 
SEPs 207-B North and 207-B Center, the initial gravimetric moisture content was converted to 
volumetric moisture content using a statistical correlation between dry bulk density and initial 
gravimetric moisture content (o = -39.32*pb+82.24, see Section-Dry Bulk Density and Figure 
II.3.3-7) and the above volumetric-gravimetric moisture equation. Excluding the driest soil 
samples, a correlation coefficient of 0.84 was obtained. Initial volumetric moisture contents are 
presented in Table II.3.3-3. 

@ 

Initial volumetric moisture content for surface and RFA and associated soils ranged 
between 3.7 and 35.6 percent and averaged 20.7f7.5 percent. The initial volumetric moisture 
content for the bedrock siltstone and claystone samples ranged between 26.9 and 39.3 percent 
and averaged 33.1f4.0 percent. The sandstone sample (borehole 40993) has a volumetric 
moisture content of 19.4 percent. The minimum and maximum initial volumetric moisture 
contents were measured for the same samples as the initial gravimetric moisture content. 

Figure II.3.3-4 shows initial volumetric moisture content versus coarse (gravel + sand) 
soil particle fraction. Similar to Figure II.3.3-3, this figure shows that the RFA and associated 
soils and bedrock lithologies occur as two distinct groups. RFA and associated soils generally 
have more than 30 percent coarse particle fraction, whereas the bedrock lithologies have less 
than 10 percent coarse particle fraction. Exceptions are soil sample BH40401AE (borehole 
40593), a possible colluvial claystone because the log description for that cored interval includes 
a trace of rounded gravel and plant roots, and bedrock sandstone sample BH40609AE (borehole 
40993), with more than 50 percent coarse particle fraction. 
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Several samples are labeled on Figure II.3.3-4 because they exhibit unique physical 
properties. Sample BH40608AE, collected from borehole 40993 north of SEP 207-C between 
4.0 and 4.7 ft  bgs, exhibited an initial volumetric moisture content of 12.6 percent. 
Approximately 82 percent of this sample is composed of sand and gravel. This sample was 
collected from a similar depth as samples BH40600AE and BH40405AE (borehole 43193 and 
44393, respectively) but is approximately three to four times wetter volumetrically. 

0 

Sample BH40401AE was collected from a depth between 20.3 and 21 .O ft  bgs in borehole 
40593. The soil contains about 98 percent fine-grained fraction but has an initial volumetric 
moisture content of 33.9 percent which is more moist than other similar textured samples 
(BH40406AE, BH40603AE, and BH40610AE). This sample is located within the ITS area and 
slightly above the water table. 

Sample BH40407AE, collected from borehole 44093 from a depth between 4.0 and 4.5 
ft bgs, has a initial volumetric moisture content of 24.6 percent and a coarse grain fraction of 
35 percent. This sample has a her-grained texture than the other RFA soil samples and is close 
to the apparent 30 percent coarse-fraction boundary for RFA and associated soils. 

Adjustment of Initial Volumetric Moisture Content 

In general, within the vadose zone, water movement occurs within the he-grained soils 
because of the smaller soil capillaries. Moisture movement only occurs between the coarser 
fragments at higher moisture contents. Reinhart (1961) and Mehuys and others (1975) suggest 
that the presence of appreciable coarse soil particles, greater than 2 millimeters (mm) in 
diameter, may introduce error in moisture content and unsaturated hydraulic conductivity 
determinations. Because the RFA and associated soils commonly contain particle sizes greater 
than 2 mm, adjustment of the initial volumetric moisture contents using Reinhart’s (1961) 
method was conducted to allow comparison of the laboratory-calculated volumetric moisture 
contents and calculated unsaturated hydraulic conductivities. 

e 

The initial volumetric moisture contents were adjusted using the following formula: 

where Of represents the adjusted initial volumetric moisture content (percent, cm3/cm3), di is the 
initial volumetric moisture content (percent, cm3/cm3), W is the fractional weight of the minus 
2 mm fraction (g/g), pb is the dry bulk density (g/cm3), and p, is the particle density (g/cm3). 

Table II.3.3-4 shows the results of the initial volumetric moisture content adjustments. 
The adjustment generally increased the initial volumetric moisture content in RFA and associated 
soils an average of 44 percent. Fine-grained bedrock lithologies exhibited essentially no change 
in corrected moisture content because of the lack of a coarse-fraction component. Coarse- 
textured samples exhibited the largest increase in adjusted moisture content. Sample 
BH40612AE showed the largest moisture content difference changing from 17.9 to 31.4 percent. 
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Figures II.3.3-4 and II.3.3-5 show the correlation between the initial and adjusted volumetric 
moisture contents for both the physical property samples and the &pond samples. These figures 
indicate that the initial moisture content of the fine-grained soils and bedrock lithologies (less 
than 10 percent coarse fraction) did not change. However, significant increases in initial 
moisture content are noted for most of the RFA and associated soil samples. 

* 
Saturated Moisture Content 

Saturated volumetric moisture content was determined in the laboratory using ASTM Method 
D2216-90 by fully saturating the dry soil sample with water. The weight of the saturated soil 
sample was measured and the saturated moisture content calculated. In general, the volumetric 
moisture content at saturation ranges between 25 and 40 percent for sandy soils and ranges up 
to 60 percent for clayey soils (Hillel, 1982). 

Saturated volumetric moisture content for the RFA and associated soils ranged between 
24.4 and 53:5 percent and averaged 36.1f7.6 percent. The minimum saturated volumetric 
moisture content of 24.4 percent was determined for sample BH40600AE. This sample was 
collected from borehole 43193 at a depth between 4.0 and 4.7 ft bgs and is composed of about 
62 percent gravel and sand. The maximum saturated moisture content of 53.5 percent was 
determined for sample BH40611AE. This sample was collected from borehole 42893 at a depth 
between 3.0 and 3.7 ft bgs in the Original Pond area. This soil is composed of approximately 
60 percent gravel and sand with 35 percent clay fraction. Atterberg tests revealed that sample 
BH40611AE is characterized by a high liquid limit of 107 and a high plasticity index of 74. 
These Atterberg results suggest an absorptive clay mineral composition. The physical properties 
of the Original Pond sample suggest that at least the clay fraction is probably representative of 
non-native fill material. In contrast, sample BH40600AE contains 18 percent clay particles with 
a liquid limit of 30 and a plasticity index of 10. 

0 

Saturated volumetric moisture content for the bedrock samples ranged between 36.3 and 
51.2 percent and averaged 43.45fI4.8 percent. The minimum saturated volumetric moisture 
content of 36.3 percent was determined for a bedrock sandstone sample (BH40609AE) collected 
between 10.0 and 10.8 ft bgs at borehole 40993. The clay content of this sample is 
approximately 14 percent. The maximum saturated volumetric moisture content of 5 1.2 percent 
was determined for sample BH40404AE collected from borehole 40393 at a depth between 10.3 
and 1 1  .O ft bgs. The bedrock claystone sample is composed of about 62 percent clay. The 
saturated volumetric moisture content for this sample exceeded the calculated porosity of 42.6 
percent. 

Comparison of the saturated volumetric moisture content with calculated porosity in Table 
II.3.3-5 for the physical property samples shows some discrepancies where saturated moisture 
content is higher than the calculated porosity. This apparent discrepancy only occurs in soils 
with high clay contents and is a result of the sorption of water within and on the clay mineral. 
During saturation the double layer of the clay platelet is extended and the uptake of water by 
clay platelets results in an overestimate of saturated moisture content. 
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TABLE 11.3.3-5 

CALCULATED SOIL AND BEDROCK POROSITIES 

Sample 
Number 

Location Depth Saturated Calculated 
Pt) Moisture Porosity 

Content (%I 

I BH40397& 40593 10.0-10.7 34.7 34.6 

BH40398AE 

BH40401A.E 

BH40402AE 

BH40403AE 

40593 15.3-16.0 41.5 39.9 

40593 20.3-21.0 42.4 38.1 

40593 25.3-26.0 46.4 43.6 

40393 3.3-4.0 37.0 39.1 
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BH40610AE 

BH40611AE 

BH40612AE 

40993 32.7-33.8 40.2 38.3 

42893 3.0-3.7 53.5 39.3 

43693 1.1-1.7 32.1 31.8 

41593 0.4-1.1 40.0 41-5 



H.3.3.2.2 Porosity 

The structure of a soil is related to many important physical properties, especially those 
pertaining to the retention and transport of water. Soil structure can be measured in several 
ways, but it is most useful to determine the amount, size, configuration, and distribution of soil 
pores because they are one of the most important hydraulic parameters. Porosity is an index of 
the soil structure and distribution of soil pores, and assesses the relative fraction of pore volume 
(or voids) within a soil or rock material. Coarse-textured soils are less porous than fine-textured 
soils, though the mean size of individual pores is greater in coarse-textured geologic materials 
(Hillel, 1982). The larger pore size of the coarse-textured soils reduces the moisture-holding 
capacity of the soil, especially in the vadose zone. 

Porosity was calculated using the methods of Danielson and Sutherland (1986). Soil and 
bedrock porosities were calculated using laboratory-determined dry bulk densities and particle 
densities. Dry bulk density and particle density are presented in Table II.3.3-4. The formula 
used to calculate porosity is shown below. 

where 4 is porosity (percent), phis dry bulk density (g/cm3), and p, is particle density (g/cm3). 
Calculated porosities for the physical property samples are presented in Table II.3.3-5. 
Saturated moisture contents are included in Table II.3.3-5 for comparison. 

Figure II.3.3-6 is a graph showing the relationship betweenprosity and coarse-grained 
soil fraction. RFA and associated soils generally exhibit higher fractions of coarse-grained 
particles than the bedrock lithologies. This figure exhibits this general relationship where the 
bedrock lithologies occur below about 10 percent coarse fraction and the RFA and associated 
soils occur above about 30 percent coarse fraction. Exceptions include RFA and associated 
soils sample BH40401AE (possibly a "reworked" claystone) and bedrock sandstone sample 
BH40609AE. 1 

Calculated porosities for the soils range between 26.1 and 45.6 percent and average 
36.1k4.9 percent. The minimum porosity of 26.1 percent was calculated from sample 
BH40608AE. This sample was collected from borehole 40993 between 4.0 and 4.7 ft bgs. 
Approximately 18 percent of this sample is finer than sand. Sample BH40407AEi exhibited the 
maximum porosity of 45.6 percent. This sample was collected between 4.0 and 4.7 ft bgs at 
borehole 44093 and is composed of approximately 65 percent silt and clay. 

Bedrock lithologies exhibit calculated porosities that range between 3 1.7 and 43.6 percent 
and averaged 38.8k3.9 percent. The minimum porosity of 31.7 percent was calculated for 
sample BH40406AE from borehole 44393. The sample was collected between 12.0 and 12.7 
ft bgs and is composed of about 42 percent clay and 56 percent silt. Sample BH40402AE was 
collected from borehole 40593 between a depth of 25.3 and 26.0 ft bgs exhibited the maximum 
porosity of 43.6 percent. This sample is composed of about 60 percent clay. 
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As mentioned above in the saturated moisture content section, some of the soils and 
bedrock lithologies have higher saturated moisture content than the calculated porosities. This 
difference between these two parameters may be related to the hydrating capacity of smectite 
clay minerals. 

@ 

II.3.3.2.3 Soil and Bedrock Densities 

Particle, dry bulk, and saturated bulk density were determined for the soil and bedrock 
lithologies from the physical property samples. These densities are related to the composition, 
texture, and structure of the soil and bedrock samples; soils structure is the arrangement and 
organization of particles in the soil (Hillel, 1982). Particle density is the density of the minerals 
composing the soil matrix and is defmed as the mass of dry soil per unit volume of soil 
particles. Dry or saturated bulk density is the mass of the dry or saturated soil per unit volume 
of soil. 

Soil Particle Density 

In most mineral soils, the mean particle density is between about 2.6 and 2.7 g/cm30 This 
density range is approximately equal to the density of quartz (2.65 g/cm3), a common constituent 
of most soils. Aluminosilicate clay minerals have a similar density. Iron and manganese oxide 
aggregates and coatings generally increase the average particle density. 

Particle densities were determined using ASTM method D854-92, which measures the 
specific gravity of soil particles less than 4.75 mm. Specific gravity was determined on a dry 
soil sample using a pycnometer. Table II.3.3-6 lists the laboratory-determined particle density, 
dry bulk density, and saturated bulk density results for soil and bedrock samples. 

@ 

The mean particle density of all of the samples tested, both soil and bedrock samples, 
is 2.66k0.03 g/cm3. The particle density of bedrock lithologies is slightly higher than RFA and 
associated soils. Particle densities in the RFA and associated soils range between 2.59 and 2.71 
g/cm3 and average 2.65 g/cm3. Bedrock lithologies particle densities range between 2.66 and 
2.73 g/cm3 and average 2.69 g/cm3. 

The heaviest particle density samples (BH40404AE and BH40610AE) contain iron oxide 
stains on the claystones at the depth sampled, as indicated on the borehole log 40393 at a depth 
of 10.3-11.0 ft bgs and log 40993 at a depth of 32.7-33.8 ft bgs. The least dense sample 
BH40611AE (borehole 42893) is from the Original Pond area with a density of 2.58 g/cm3. 
This sample represents a soil composed of predominantly montmorillonite clays, as indicated 
by the Atterberg tests, which has a density of 2.5 g/cm3 and also has absorbed water with a 
density of 1 .O g/cm3. This provides additional evidence that soils in the Original Pond area may 
not be native and may represent remnants of former bentonite liner material. 
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TABLE II.3.3-6 

RESULTS OF SOIL AND BEDROCK DENSITY ANALYSES 

e 

Depth 
W) 

3.2-3.9 

10.0- 10.7 

15.3-16.0 

20.3-21.0 

75.3-26.0 

3.3-4.0 

10.3-11.0 

4.3-5 .O 

12.0-12.7 

4.0-4.5 

13.1-13.8 

1.76 
1.73 

1.59 

1.66 
1.52 

1.64 
1.57 

1.71 

1.84 
1.45 

1.64 

Saturated 
Bulk 

Density 
(g/cmS 

2.08 
2.08 

2.01 

2.08 
1.98 
2.Q1 

2.08 
1.97 

2.22 
1.89 

2.09 

Particle 
Density 
(g/cm3) 

2.65 

2.65 

2.65 

2.68 
2.69 

2.69 

2.73 

a.67 

2.69 

2.66 
2.70 

2.71 

2.70 

2.66 

2.66 
2.70 

3.66 

2.64 

2.66 

iLz2- 
2.59 
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Dry Bulk Density 

Dry bulk density.is the ratio of the mass'of the dry soil solids to the bulk volume of the 
soil. The bulk volume includes the volume of the soil solids and pore space, and thus is needed 
to calculate porosity. Dry bulk density is not an invariant quantity for a given soil because it 
varies with the structural condition of the soil. In particular, it is related to its looseness or 
degree of compaction, as well as swelling and shrinkage characteristics that are dependent on 
clay mineral type, clay content and amount of .residual wetness sorbed on the clay platelets. 

Dry bulk density was determined in the laboratory using the methods of Blake and Hartge 
(1986). Dry bulk density is determined by measuring the weight and volume of the dry soil. 
Dry bulk density is then calculated by the ratio of the mass of the dry soil to the soil volume.. 
Table II.3.3-6 lists the dry bulk and saturated bulk densities determined for the soil and bedrock 
samples. 

The kmputed dry bulk density of RFA and associated soils ranged between 1.45 and 
1.95 g/cm3 and average 1.70f0.13 g/cm3. Bedrock siltstones and claystones exhibit dry bulk 
densities that range between 1.52 and 1.84 g/cm3 and average 1.63f0.10 g/cm3. The only 
bedrock sandstone sample (BH40609AE) has a dry bulk density of 1.76 g/cm3. 

Figure II.3.3-7 is a graph showing the relationship between dry bulk density and initial 
gravimetric moisture content for the physical property samples. This figure indicates that dry 
bulk density is inversely proportional to gravimetric moisture content. Using this data, dry bulk 
densities were computed for the samples obtained beneath the B series SEPs which allowed 
volumetric moisture contents to be calculated. In general, the lower dry bulk densities are 
associated with soils that have higher high clay contents and the bedrock lithologies. An 
exception to this generality is sample BH40405AE that contains 89 percent sand and exhibits a 
dry bulk density of 1.71 g/cm3, which is similar to soils with much higher clay content. 

0 

Saturated Bulk Density 

Saturated bulk density expresses the ratio of the mass of saturated soil to its total volume. 
Saturated bulk density, when compared with particle density, provides a qualitative measure of 
porosity and clay content within a sample. In general, soils characterized by relatively high clay 
percentages and corresponding high porosity measurements have low saturated bulk densities. 

Saturated bulk density was determined in the laboratory using the methods of Blake and 
Hartge (1986) by measuring the weight and volume of the saturated soil. Saturated bulk density 
was then calculated by the ratio of the mass of the saturated soil to the soil volume. Table 
II.3.3-6 lists the saturated bulk density results. 

The mean saturated bulk density of all of the samples analyzed is 2.07f0.08 g/cm3. The 
mean saturated bulk density for the RFA and associated soils and the bedrock lithologies is 
similar, 2.06 g/cm3 and 2.08 g/cm3, respectively. The saturated bulk density for RFA and 
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associated soils ranges between 1.98 and 2.22 g/cm3. Bedrock lithologies exhibit a saturated 
bulk density between 1.89 and 2.22 g/cm3. The highest saturated bulk densities were exhibited 
by samples BH40406AE (a siltstone) and BH40608AE (a silty gravel), whereas the lowest 
saturated bulk density was measured in sample BH40407AE (high in clay content). 

0 
II.3.3.2.4 Particle Size Characteristics 

The materials that compose the solid phase within a soil or a rock include discrete 
mineral particles of various sizes, as well as amorphous compounds that may coat the soil 
particles. Soils can be classified by their particle size distribution and mineral composition. 
Together, these two attributes of the solid phase determine the physical and chemical behavior 
of the soil. 

Texture, particle size distribution, and specific surface area are the static properties of 
the soil solid phase. The static properties are the enduring attributes of the solid phase capable 
of being m&ured and having a relevance to the behavior of the soil or rock. 

For the physical property samples, particle size characteristics were determined in the 
laboratory using sieve and hydrometer methods presented in ASTM D422-63(90). Sand and 
gravel fractions are determined by sieve analysis and silt and clay fractions are measured by a 
hydrometer. 

Texture refers to the size range of particles in the solid phase. The tern has both 
qualitative and quantitative connotations. Coarse and gritty are qualitative descriptions, while 
the measured distribution of particle sizes or the proportions of the various size ranges of 
particles are quantitative descriptions. Table II.3.3-7 shows the quantitative distribution of 
particle sizes and classification of soils by the Unified Soil Classification System (USCS). 
Typically, the textural size fractions are gravel, sand, silt, and clay. 

@ 

One visual method of identifying different lithology and depositional environments is to 
display textural fractions on a textural triangle (Hillel, 1982). Figure II.3.3-8 is a textural 
triangle showing United States Department of Agriculture (USDA) classification of the physical 
property soil and bedrock samples based on sand, silt, and clay fractions normalized to 100 
percent. Generally, RFA and 
associated soils are classified as sandy clay loam, clay loam, or loam. Less common soil types 
represented by RFA and associated soils include sand (BH40405AE, a possible construction fill), 
silty clay (BH40401AE, Original Pond area), and clay (BH40611AE, possibly reworked 
claystone). Bedrock lithologies are classified as a silty clay or clay. The bedrock sandstone 
sample (BH40609AE) is classified as a sandy loam. 

The textural class names also are shown for comparison. 
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TABLE II.3.3-7 

PARTICLE SIZE DISTRIBUTION AND USCS CLASSIFICATION 

Percent by Weight 
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The textural triangle shows that most of the samples contain between 20 and 50 percent 
clay. When compared with other size categories, clay particles have significantly greater surface 
area per unit mass, resulting in higher physicochemical activity. Clay particles absorb water and 
hydrate to form an electrostatic double layer with exchangeable cations. Surface activity of a 
clay is also expressed during hydration through the release of heat (heat of wetting). . 

Dividing the samples into textural classes, as in the textural triangle, places a 
preconceived grouping upon a continuous array of particle sizes and excludes the cobble and 
gravel portions. Figure II.3.3-9 shows the continuous nature of particle sizes in sample 
BH40600AE (borehole 43193). The information obtained from this representation of particle 
size distribution includes the diameter of the largest grains in the assemblage and the grading 
pattern. The shape of the distribution curve is related to the amount of grading during 
deposition. Soils with a preponderance of several particle sizes are well graded similar to 
sample BH40600AE (Figure II.3.3-9). Poorly graded particle distributions have a steeper slope. 
Bedrock samples with steep slope particle distributions are typically referred to as well sorted 
similar to Figure II.3.3-10 (sample BH40605AE). In general, RFA and associated soils are 
well graded while bedrock lithologies are well sorted. 

Figure II.3.3-11 shows a composite of sieve and hydrometer analyses for the RFA and 
. associated soils. Individual particle size distribution curves are presented in Appendix II.P. 

Four distinct particle size distribution curves are evident on Figure II.3.3-11 (groups 14). 
Finer-grained soils typically occur along the upper portion of figure-like sample BH40401AE 
(group 1) and the coarse-grained soils occur along the base of the figure-like sample 
BH40405AE (groups 2 and 4). Samples BH40401AE and BH40405AE are poorly graded soils. 
The majority of RFA and associated soils occur within an envelope describing well graded soil 
textures in the central portion of Figure II.3.3-11 (group 3). 

e 
Figure II.3.3-12 shows composite sieve and hydrometer analyses for the bedrock 

lithologies. Three distinct particle size distribution curves are present on this figure. The 
lowermost curve represents the Arapahoe Sandstone sample (BH40609AE). Bedrock claystones 
are the uppermost group of particle size distribution curves. Immediately between the claystone 
and sandstone samples are the bedrock siltstone particle size distribution curves. 

Several indices that aid in characterizing the particle size distribution curves were 
calculated and are presented in Table II.3.3-8. These indices include the uniformity index (Q; 
the median particle diameter (dd; the particle sizes at 10 (dl& 30 (dW), and 60 (&) percent; 
and the index of curvature (CJ. The dI0,dW, and dm indices represent the particle diameter (in 
mm) corresponding to 10, 30, and 60 percent of the soil passing that screen diameter by weight, 
respectively. The uniformity index is: 
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TABLE 11.3.3-8 
PARTICLE SIZE DISTRIBUTION INDICES 

u.s.c.s 

* -Value not reached with specified test - -  No value 
computed CU=D60/D10 CC=D302/ (D10XD6o) 

. -- 
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while the index of curvature is defined as: 

C,= (d3d24(dld*(d60)). 

In general, well-sorted soils have C, indices less than 10, while well-graded soils can 
have C, indices greater than 1,OOO (Holtz and Kovacs, 1981). A sandy soil is considered to be 
well graded if the index of curvature is between 1 and 3 and has a uniformity index greater than 
6 (Hpltz and Kovacs, 1981). 

Four RFA soil samples had computed uniformity indices. Samples BH40405AE and 
BH40602AE (SW and G soil types, respectively) exhibit C, values of 6.7 and 933 and C, values 
of 0.85 and 0.045, respectively. Although the uniformity index criterion classifies these samples 
as well graded (C, > 4 for gravels and > 6 for sands ), the index of curvature indicates that these 
samples are poorly graded [(1< C, < 3 (Holtz and Kovacs, 1981)l. Samples BH40608AE and 
BH40612AE (G and GC soil types, respectively) exhibit C, indexes of 4250 and 2500 and Cc 
values of 7.8 and 13, respectively. These samples are not well graded. Uniformity indexes 
were not computed for any of the bedrock samples because C, are relevant for only coarse 
grained soils. 

The median particle diameter (d,J for the RFA and associated soils ranges between 
0.0017 and 11 mm and average 2.0f3.7 mm. This range in median particle size diameters 
indicates that the RFA is composed of a large range of soil particle sizes that are poorly sorted. 

Bedrock siltstones and claystones exhibit median particle diameters between 0.0014 and 
0.11 mm. The average median particle diameter is 0.02&0.044 mm. The largest median 
particle diameter (0.11 mm) was exhibited by a bedrock sandstone sample. This narrow range 
of particle sizes indicates that the bedrock lithologies are well sorted. 

II.3.3.2.5 Atterberg Limits 

Atterberg Limits represent a series of tests that determine the moisture content of a soil 
when it changes from one physical condition to another. In general, these tests classify soils for 
structural purposes, but these tests also identify the predominant clay mineral present (Holtz and 
Kovacs, 1981). Knowing the predominant clay mineral present within a sample aids in 
identifying the relative moisture-holding capacity of different soils (Holtz and Kovacs, 1981). 
Materials used in the tests are soil particles that pass through a No. 40 sieve (finer than 0.42 
mm). The liquid limit, the plastic limit, and the shrinkage limit comprise the more common 
Atterberg Limits indices. 

The liquid limit (LL) is the water content at which a trapezoidal groove of specified 
shape, cut in moist soil held in a special cup, is closed after 25 taps on a hard rubber plate. The 
plastic limit (PL) is the water content at which the soil begins to break apart and crumble when 
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rolled by hand into threads one-eighth inch in diameter. The shrinkage limit (SL) is the water 
content at which the soil reaches its theoretical minimum volume as it dries out from a saturated 
condition (Sowers and Sowers, 1970). The LL and PL are reported in terms of percent of mass 
per mass (percent, g/g). 

@ 

For vadose zone characterization, the LL represents the total moisture potentially held 
in the diffused double layer and any water held by absorption. The PL represents the innermost 
moisture of the diffused double layer and absorbed water (Sowers and Sowers, 1970). The 
difference between the LL and the PL is the plasticity index (PI). The PI represents the range 
in water contents at which the soil is in the plastic state and represents the potential changes in 
water content of the diffused double layer or the moisture-holding capacity. Since the PI is a 
measure of the moisture-holding capacity of the fine-fraction, it provides an indication of the 
mineralogy of the clay fraction (Sowers and Sowers, 1970). This relationship was identified in 
1948 by Casagrande (Holtz and Kovacs, 1981). 

Table II.3.3-9 lists the results of Atterberg tests for physical property samples. Four of 
the 25 samples were coarse-textured and did not have sufficient fines to complete Atterberg 
Limits. Atterberg tests for the remaining samples were conducted using ASTM Method D4318- 
84. 

Figure II.3.3-13 shows the relationship between PI and clay mineralogy. Casagrande’s 
kaolinite, montmorillonite, and illite zones as defined by Holtz and Kovacs (1981) are shown 
for comparison. This figure, termed a soils plasticity chart, differentiates clay-like materials 
from those that are silt-like. The clay-like materials occur above the A-line on Figure 11.3.3-13, 
while the silt-like materials occur below this line. For the samples tested, the RFA and 
associated soils and the bedrock samples are all clay-like. Two extremes are noted on Figure 
II.3.3-13. The RFA soil sample taken from the Original Pond area is noted because it has a 
high PI and high moisture-holding capacity. Additionally, the apparent separation from the other 
RFA and associated soil samples suggest that this sample is not native to the OU4 site. The 
Araphahoe Sandstone sample is the other extreme because it has a low PI and low moisture- 
holding capacity. Based on Figure II.3.3-13, these values of LL and PI suggest that the tested 
samples are characterized by a mixture of montmorillonite and illite clays. 

0 

O f  the twelve coarse-grained RFA and associated soil samples, eight were measured. 
These coarse-grained samples have a PI range between 10 and 74. The mean PI is 
approximately 26.3f20. This lithology group contains the largest PI (taken from the Original 
Pond area). The four fine-grained soils exhibit a narrower PI range. Their PI range is between 
18 and 38 and averages 26f9. For all of the RFA and associated soils, the mean PI is 23.3f7. 

The PI for eight bedrock siltstone and claystone samples ranges between 25 and 55 and 
averaged about 36f 11. Sample BH40609AE (the Arapahoe Sandstone) exhibits the smallest PI 
value of 3. 
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TABLE 11.3.3-9 

RESULTS OF ATTERBERG LIMIT ANALYSES 

BH40396AE 34 15 19 

BH40397AE 49 26 23 . 

BH40398AE 44 

BH4040lAE 61 

BH40402AE 54 

18 

26 

26 

26 

35 

28 

BH40403AE 50 17 32 

BH40404AE 66 

BH40405AE 

BH40406AE 

BH40407AE 

BH40408AE 

BH40600AE 

BH4060 1 AE 

BH40602AE 

BH40603AE 

BH40604AE 

BH40605AE 

49 

79 

53 

30 

47 

49 

79 

72 

24 42 

NOT TESTED* 

20 

38 

20 

20 

26 

NOT TESTED* 

20 

24 

26 

29 

41 

33 

10 

20 

29 

55 

46 
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TABLE 11.3.3-9 

RESULTS OF ATTERBERG LIMIT ANALYSES 
(continued) 

Liquid Limit Plastic Limit Plasticity Index 
Sample Number (%, g/g) (% g/g) (% g/g) 

BH40606AE 43 

BH40607AE 40 

BH40608AE 31 

BH40609AE 23 

BH406 1OAE 48 

BH40611AE 10’9 

BH406 12AE 

BH40613AE 

* Not enough sample to run the test. 

22 

21 

17 

19 

23 

33 

NOT TESTED* 

NOT TESTED* 

21 

19 

13 

3 

25 

74 
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Moisture contents are reflective of the lithology of the sample (amount of fines and type 
of clays) and the relative position of the sample taken with respect to the water table. 
Additionally, core samples taken at shallow depths may be subject to the effects of 
evapotranspiration losses or variances in moisture migration pathways. These variances may be 
reflected on Figure II.3.3-2. 

Sample BH40608AE, collected from borehole 40993 north of SEP 207-C exhibited an 
initial volumetric moisture content of 12.6 percent. Approximately 82 percent of this sample 
is composed of sand and gravel. Samples with similar coarse fraction are BH40612AE (borehole 
43693) and BH40613AE (borehole 41593). Although these samples are collected from shallower 
depths, the corrected volumetric moisture contents are approximately 10 percent wetter than 
sample BH40608AE. This is attributed to the A-pond liner trapping vertically moving moisture. 
Additionally; sample BH40613AE, located on the north end of SEP 207-A, is approximately 7 
percent wetter than sample BH40612AE, located on the south end of SEP 207-A (Table II.3.3- 
4). This dissimilarity in corrected volumetric moisture content may indicate seepage occurring 
beneath SEP 207-A. 

The Arapahoe Sandstone (Sample BH40609AE, if it is representative), contains clays that 
are not as adsorptive as other RFA and associated soils or other bedrock samples tested (Figure 
II.3.3-13). This bedrock sample appears to be texturally similar to the RFA and associated 
soils, while soil sample BH40401AE appears to be texturally similar to the claystones. @ 

A comparison of the saturated moisture contents and the calculated porosities indicates 
that there are sorptive clays within the RFA and associated soils. The greatest differences are 
associated with the higher PI and LL Atterberg values. 

Sample BH40611AE (Original Pond area) has an LL value of 107 and a PI value of 74. 
Figure II.3.3-13 shows the uniqueness of this sample relative to the others. The high LL and 
the location of the sample suggests that this soil sample may contain remnants of the Original 
Ponds’ compacted bentonitic clay liner. Based upon its Casagrande plot position (Figure II.3.3- 
13), the sample contains montmorillonite clays, which further indicates that the material 
represents the bentonitic clay soil reportedly used for the liner. 

II.3.3.3 Field Measurements of Hydraulic Properties of the Vadose Zone 

Various equipment and techniques were used to characterize hydraulic properties of the 
vadose zone at OU4. The approach included field permeability tests, neutron moisture 
monitoring, and laboratory characterization of hydrologic properties of soil cores collected from 
the vadose zone. The results of the field permeability tests and neutron moisture monitoring are 
presented in this section (Section II.3.3.3) and the laboratory results are presented in Section 
II.3.3.4. 
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Field permeability measurements were perform& to provide estimates of field-saturated 
hydraulic conductivity at shallow depths within a variety of lithologic materials that comprise 
the vadose zone at OU4, and to evaluate the effectiveness of B A P  test equipment and Guelph 
permeameter to provide hydraulic conductivity measurements in the RFA soil and lithologic 
materials at OU4. Neutron moisture monitoring was conducted to determine the areal and 
vertical distribution of moisture in the vadose zone and to evaluate if percolation of precipitation 
occurs at the site and is indicated by the presence of wetting fronts. 

II.3.3.3.1 BATw Tests 

As proposed in TM1, 32 to 48 field-saturated hydraulic conductivity tests were planned 
during drilling of 16 vadose zone boreholes at OU4 (two to three tests per borehole). Using this 
approach, unsaturated alluvial and weathered bedrock materials were tested to provide field- 
saturated hydraulic conductivity estimates for each type of subsurface material. 

The BATm test uses a porous ceramic downhole probe and hydraulic pressure sensing 
equipment to perform permeability tests operationally similar to a small-scale slug test. During 
the test, water can be injected or withdrawn from the tested interval and estimates of hydraulic 
conductivity are derived from transient pressure readings, flow rate, and borehole/test 
configuration geometry. B A P  tests are usually limited to soils with saturated hydraulic 
conductivites less than lo7 cm/s and are accurate to within one order of magnitude. For the 
Phase I RFI/RI investigation at OU4, only vadose zone materials were tested. Details of the 
test procedure and analyses performed are presented in EG&G SOP Manual 5-21000-0PS, 
SW.34 (draft). 

During the field investigation, tests were attempted at 14 of the 16 vadose zone 
boreholes. Fifteen tests were successfully completed in 14 boreholes. Five of these tests were 
performed in alluvial materials and 10 were performed in bedrock lithologies. The test depths 
ranged between about 3 to 27 feet. Difficulties in advancing the B A P  probe or damage to the 
ceramic filter precluded successful completion of several tests attempted within gravelly horizons 
of the RFA. Most of the tests completed were in the bedrock lithologies; however, some tests 
in the RFA were successful. Tests in the last two vadose zone boreholes (41593 and 42493) 
were not attempted because gravelly conditions were encountered in the RFA. Three test 
attempts in the claystone bedrock were not successful because of high pore pressures or damage 
to the probe tip. 

Results of BATm tests and the conditions encountered at each vadose zone borehole are 
presented in Tables 3.3-10. Figure II.3.3-14 also presents results of B A P  testing during the 
Phase I RFVRI Field Investigation at OU4. 

As summarized in Table II.3.3-11, test results for alluvial clays and silts range from 9.1 
x lo-'* to 3.5 x lo-' cm/s. One test of a sand horizon within an alluvial gravel resulted in a field- 
saturated hydraulic conductivity greater than 3.1 x 10' cm/s. Field-saturated hydraulic 
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TABLE II.3.3-10 

BATm TEST RESULTS 

I Measured 
Borehole Test Depth StratigraphicUSCS Class.' Test Hydraulic 
ID Pet) Unit or Lithology Completed Conductivity 

(Yes/No) (cm/s) 
Comments 

40293 

40393 
40393 

40593 
40593 
40593 
40593 

40693 

40793 
40793 

40993 
40993 

e 41293 

41593 

41793 

42493 

42893 
42893 

43193 
43193 

43693 
43693 

43793 
43193 

44093 
44093 

44393 
44393 

44393 

6.96 

5.38 
12.34 

6.56 
12.50 
18.77 
26.84 

3.51 

3.51 
13.52 

3.94 
11.84 

5.58 

0 - 5.9 

3.94 

0 - 8.1 

5.58 
11.81 

0 - 10.5 
> 10.5 

0 - 10.0 
13.25 

0 - 11.3 
16.08 

0 -  11.5 
16.99 

3.94 
3.51 

13.52 

Bedrock 

RFA 
Bedrock 

RFA 
RFA 
RFA 

Bedrock 

Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

Bedrock 

RFA 

RFA 

RFA 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
RFA 

Bedrock 

Claystone 

ML 
Clay stone 

GM 
CL 
CL 
Silty 

Clay stone 

Clay stone 

ML 
Silty 

Clay stone 

GM 
Silty 

Sandstone 

Clay stone 

GM/ML 

GM 

GM/GW 

G c  
Clay stone 

GW/GM 
No recovery 

GMIGW 
Clay stone 

GMIGW 
Clay stone 

GM/GW 
Claystone 

GM 
GM 

Clay stone 

Yes 

' Yes 
No 

No 
YeS 
Yes 
Yes 

Yes 

Yes 
Yes 

No 
Yes 

Yes 

No 

No 

No 

No 
No 

No 
No 

No 
Yes 

No 
No 

No 
Yes 

No 
No 

Yes 

3.1 x lO-'O 

9.1 x 10-'0 
1 ~ 1 0 - ~ *  Unable to obtain outflow after multiple 

_- 
1.1 x 10" 
9.8 x lO-'O 
3.5 x 10-9 

1.9 x 10-9 

3.5 x 10-9 
1.0 x 10" 

-- 
1.1 x 10-7 

1.4 x 10-9 

-- 
-- 
-_ 
-- 
-_ 
-_ 
-- 
_- 

1.8 x 10-9 

_- __ 
-_ 

3.2 x lo-'' 

-- 
x . 1  10-7 

10-9 
X 

1.7 x 

attempts. 

Bent probe tip at 7,000 psi on gravels. 

Organic rich horizon. 

Could not advance probe due to gravels. 

Did not attempt test due to gravels. 

Could not advance probe due to gravels. 

Did not attempt test due to gravels. 

Bent probe tip and cracked filter, gravels. 
Bent probe tip and cracked filter. 

Could not advance probe due to gravels. 
Pore pressure too high, saturated conditions. 

Could not advance probe due to gravels. 

Could not advance probe due to gravels. 
Pore pressure too high, saturated conditions. 

Could not advance probe due to gravels. 

Could not advance probe due to gravels. 
Sand horizon, all water drained out of vial 
before end of test. 

0 USCS Class and Lithology extracted from final borehole logs. 
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TABLE II.3.3-11 

BATm TEST RESULTS BY GEOLOGIC STRATUM 

ROCKY FLATS ALLUVIUM 

Test Depth Measured 
Borehole ID (Feet) Hydraulic USCS' 

I Conductivity Classification 
I (cm/s) 

i 40393 5.38 9.1 x 10'O I 40793 3.51 3.5 x 10-8 

40593 12.50 1.1 x 104 
40593 18.77 9.8 x lO-'O 

44393 3.51 >3.i x 10-7 

ML 
ML 

CL 
CL 

GM 

BEDROCK 

Test Depth Measured 
Borehole ID (Feet) Hydraulic 'Lithology 

I Conductivity 
(Cm/S) 

40293 

40393 

40693 

41293 

43693 

44093 

44393 

40593 
40793 

40993 

6.96 3.1 x lo-'' . Claystone 

12.34 < 1 .o x 10-'O Clay stone 

3.51 1.9 x 10-9 Clay stone 

5.58 1.4 x 10-9 Clay stone 

13.25 1.8 x 109 Clay stone 

16.99 3.2 x lo-'' Clay stone 

13.52 1.7 x 10-9 Clay stone 

26.84 3.5 x 10-9 
13.52 1.0 x 10-9 

Silty Claystone 
Silty Claystone 

11.84 1.1 x 107 Silty Sandstone 

* From final borehole logs. 
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conductivities for bedrock siltstones and claystones ranged from less than 1.0 x 10''' to 1.0 x 
lo9 cm/s, while one test of a silty sandstone yielded a field-saturated hydraulic conductivity of 
1.1 x lo7 cm/s. 

e 
BATm permeability test results for alluvial and sandy materials yielded higher field- 

saturated hydraulic conductivity values than the bedrock siltstone and claystones. However, 
hydraulic conductivity results for BAP-tested alluvial and bedrock materials were substantially 
lower than saturated hydraulic conductivities presented in the Geologic Characterization Report 
(EG&G, 1991) for similar saturated alluvial and bedrock materials tested using slug and pumping 
test methods. Likewise, BA1" test results are about 100 times lower than results for similar 
but shallower materials tested using the Guelph permeameter. This variance may be due to 
smearing of fines onto the ceramic cup of the BAP probe tip. The small area of influence 
intrinsic in the BATmtest methodology may contribute to this observed discrepancy between 
hydraulic conductivities. 

II.3.3.3.2 Guelph Tests 

As proposed in TM1, approximately 25 Guelph permeameter tests were to be performed 
at various locations to provide field-saturated hydraulic conductivity and matric flux potential 
estimates for near-surface materials at OU4. Guelph tests are usually limited to soils with a 
saturated hydraulic conductivity greater than lod cm/s. Therefore, most of the Guelph tests 
were completed in the RFA. 

Tests were attempted adjacent to 13 of the 16 vadose zone boreholes and at six other 
boreholes within OU4. A total of 24 tests were attempted; 21 tests were successful. The depths 
of the tests ranged from 5.5 to 29.0 inches. Tests were completed in alluvial units consisting of 
silts, clays, gravels, and sand, and bedrock units composed of claystone and sandstone. 

e 
Field-saturated hydraulic conductivity and matric flux potential using the method of Elrick 

et al. (1989) were determined using the Guelph permeameter data. Matric flux potential (4,) 
is defined as: 

where qi is matric potential at the wetting front and K( Jr ) is unsaturated hydraulic conductivity 
(a function of matric potential). Matric potential is the sum of the capillary and adsorptive 
forces exerted on soil water by the soil matrix. Field-saturated hydraulic conductivity and matric 
flux potential are estimated using the measured steady-state flux rate into the borehole, the 
pressure head 0, the well radius (a), a dimensionless shape factor (C), and a parameter a * 
that is expressed as: 
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a*=- 5% 
%# 

where Kfs is field-saturated hydraulic conductivity. The a * parameter can be'interpreted as 
the inverse of the matric potential at the wetting front ( lqt1-a*-'). The shape factor, C, is 
determined from a graph of C versus H/a for different ranges of a *. It has been shown that 
the determination of &, and +,,, is not strongly dependent on a * (Elrick et al., 1989). An a * 
value of 12 cm-' suggested by White and Sully (1987) w& used throughout this study. Guelph 
permeameter field test results were analyzed using both the two-head, simultaneous equations 
approach and the one-head approach. 

Results of Guelph permeameter tests and conditions encountered at each test location 
Figure II.3.3-15 also presents results of Guelph borehole are. presented in Tables 3.3-12. 

permeameter testing during the Phase I RFI/RI Field Investigation at OU4. 

As summarized in Table II.3.3-13, Guelph permeameter field-saturated hydraulic 
conductivity measurements for RFA clays and silts range from less than 1.0 X lod to 1.6 x 
cm/s. One test of a sand horizon within silty sand resulted in a Kh of 4.8 x 10-4 cm/s. Results 
for alluvial gravels ranged from less than 1.0 x 106 to 1.1 x 1W3cm/s. Calculated matric flux 
pptential ranged between 6.1 x 10-l and 4.3 x lW5 centimeters squared per second (cm2/s). 

Results for tests performed in shallow bedrock sandstone horizons ranged from 3.2 x 10-6 
to 2.1 x lo5 cm/sec. One test performed in a shallow bedrock claystone and resulted in a Kf# 
of 8.4 x lob cm/sec. Calculated matric flux potentials ranged between 2.7 x and 2.1 x lo4 
cm2/s. Although these results appear to be consistent with expected ranges for materials tested, 
field-saturated hydraulic conductivity and matric flux potential values encompass a range of up 
to three orders of magnitude. Results from tests performed in similar materials at similar depths 
varied by more than two orders of magnitude. 

Guelph permeameter test results show a high degree of Kf, variation between sites and 
at depth for individual sites. This variability is attributed primarily to the presence of 
heterogeneities within the soils. Attempts were made to use a two-head solution to determine 
hydraulic conductivity and matric flux potential using steady-state flux measured in the field at 
two different heads (where the second is larger than the first and influences a larger area). A 
portion of the measurements analyzed with the two-head solution yielded negative results, which 
suggests that the scale of heterogeneities at these sites is smaller than the area sampled by the 
Guelph permeameter. Whenever negative results were obtained using the two-head method, a 
one-head analytic technique, which assumes knowledge of the a* parameter, was followed. 
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TABLE II.3.3-13 

GUELPH PERMEAMETER TEST RESULTS 
BY GEOLOGIC STRATUM 

ROCKY FZATS ALLUVIUM 

Hydraulic Matric Flux 
Nearest Test Depth Conductivity Potential USCS 

a Borehole ID (Inches) (Cm/S) (cm2/s) Classification 

40393 17.5 <1.0 x 10" -- OL 
44793 19.0 1.6 x 10-3 5.6 x 10-3 OL 

40593 14.0 910 x lo4 3.1 x ML 
40793 #1 29.0 4.2 x 10-5 2.9 x lo4 ML 
40793 #2 11.0 3.8 x 10-5 1.4 x 10-3 ML 

40993 12.0 <1.0 x 106 -- GC 
41593 #1 7.9 3.5 x 10-4 7.9 x lo-* GC 
41593 #2 7.9 5.15 x lo4 4.3 x 10-5 GC 

41793 12.0 1.6 x 10-5 1.3 x IO4 GP 

42493 5.5 4.3 x 10-3 6.8 x 10' GM 
43693 23 .O <1.0 x 10" __ GM 
43793 17.0 <1.0 x 106 __ GM 

44393 #1 7.0 1.1 x 10-3 8.9 x 10-3 GM 
44393 #2 7 -0 5.4 x 10-5 4.5 x lo4 GM 

44593 10.0 4.8 x 10-4 4.0 x 10-3 SM 

SHALLOW BEDROCK 

Hydraulic 
Conductivity (cmls) Matric Flux 

Nearest Borehole ID Test Depth (Inches) Potential (cm2/s) 
Lithology 

3186 #1 19.5 2.6 x 10-5 2.1 x lo4 Sandstone 
3186 #2 12.0 2.1 x 10-5 1.8 x 10-4 Sandstone 
3186 #3 12.0 3.2 x 10" 2.7 x 105 Sandstone 

44693 12.5 8.4 x 10-6 7.0 x 10-5 Clay stone 
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Variations also were observed due to irregular borehole geometries. Difficulties in 
advancing a test borehole in the gravelly material were encountered at three locations, even 
though three different methods of shallow borehole advancement were attempted throughout the 
testing program. Successful borehole advancement often resulted in irregular borehole 
geometries due to the removal of cobbles. The solution method used to determine hydraulic 
conductivity and matric flux potential relies somewhat on the assumption of regular borehole 
geometry. Therefore, the results of some Guelph tests may exhibit errors because of an 
irregular borehole geometry. 

II.3.3.3.3 Neutron Probe Measurements 

Neutron probes operate on the principle of neutron moderation to determine neutron 
counts that may be correlated with soil moisture content. The probes contain a radioactive 
source, commonly americium-241/beryllium, that emits high energy neutrons, and a detector that 
senses thermal (slow) neutrons. Thermalized neutron capture emits a pulse of energy that is 
counted by the detector. Approximately 70 percent of the neutron slowing is due to collisions 
with hydrogen atoms (Dickey, 1990). Because most hydrogen in soil is in the form of water 
molecules, a correlation can be developed between thermalized neutron count and moisture 
content. This relationship is usually linear for the moisture commonly encountered in soils. 

The neutron probes used during this study were 503DR-1.5 and 503DR-2 hydroprobes 
manufactured by CPN Corporation. The primary components of these portable probes are the 
source (50 millicurie americium-24l/beryllium) and detector which are contained in the 
downhole probe, and the shielding and signal processor which are housed within the body of the 
probe. In the fully-retracted position, the probe is shielded within the body of the probe. 

0 
Neutron Probe Calibration 

The 503DR Hydroprobe determines hydrogen content within a spherical volume of soil, 
sometimes known as the sphere of influence, which has a radius of approximately 6 inches (CPN 
Corporation, 1984). These measurements are affected by a number of factors including soil 
bulk density, soil chemistry, access tube material and diameter, and void space between the 
access tube and the borehole. As a result, it is usually necessary to calibrate the neutron probe 
to site-specific conditions if they are significantly different from the conditions under which the 
factory calibration was determined and if it is desirable to report neutron probe measurements 
in terms of water content. Because relative differences in moisture content and wetting front 
movement were the primary focus during neutron moisture monitoring, the neutron probe was 
not calibrated to site moisture conditions. The factory calibration was used and neutron counts 
are presented instead of moisture content. Comparison of changes in direct neutron counts 
between monitoring events allows detection of very small changes in moisture content. 

Neutron moisture measurements are influenced by the moisture content in the native soil 
and the access tube/lysimeter completion materials, the composition of the access tube, and 
proximity to lysimeters and lysimeter riser tubes (Figure II.3.3-17). The borehole completion e 022m243~no.w~ 



material consists of silica flour, Colorado silica sand, or bentonite depending on the interval. 
The native soil and borehole completion materials have different moisture contents due to their 
different characteristics. Their relative influence on the neutron probe reading is not known. 
The neutron access tube, lysimeters, and lysimeter riser tubes are constructed of polyvinyl 
chloride (PVC). PVC contains chlorine, which also is a neutron capturing element. Therefore, 
the proximity of the neutron probe to lysimeters or riser tubes may also influence the 
measurement. Because the monitoring instrumentation geometry and borehole completion 
materials are highly variable, neutron probe measurements are not affected equally at all 
locations or intervals within a borehole. 

Standard Count 

A standard count was taken prior to each monitoring event. The standard count is the 
average of a series of neutron counts taken under standard conditions. CPN Corporation 
recommends.that the standard count be taken in the silicon-based paraffin shield housed in the 
body of the probe by placing the probe on the carrying case’s lead plate. The shield is not 100 
percent effective, and as a result, the standard count is affected by surrounding conditions such 
as surface moisture and nearby objects. To minimize the effect of surrounding conditions, each 
standard count was taken with the probe placed on the concrete pad adjacent to vadose zone 
monitoring location 44393 and at least 5 feet from the nearest object. . 

The standard count is used to determine if the probe’s electronics and other components 
are functioning correctly (Dickey, 1990). The CPN 503DR standard count is a series of 32, 8- 
second counts. The probe displays the average reading (standard count), previous reading, and 
the chi-squared ratio. The chi-squared ratio should fall between 0.75 and 1.25 at least 95 
percent of the time if the probe is functioning ~ ~ ~ e ~ t l y .  Additionally, the difference between 
the current and previous standard counts should be within 0.707 times the square root of their 
average at least 95 percent of the time (CPN Corporation, 1984). 

0 

Neutron Probe Calibration Transfer 

Two different neutron probes were! used during this study. To allow comparison of 
neutron data obtained from these two different probes, it was necessary to determine a 
calibration transfer between the original probe and the replacement. Thirty-two, eight-second 
counts, representing the extreme values of moisture content, were measured at two intervals with 
both probes at vadose zone monitoring location 40593. The average measurements from the first 
gauge were used to construct a calibration curve for the second gauge. The neutron data were 
then corrected for the count differences using the calibration factor. 

Results 

The objectives of the neutron moisture measurements were to characterh relative 
moisture content and seasonal wetting of the vadose zone, to determine if flow is occurring, and 
to establish a baseline for future measurements within OU4. Measurements were made at 



approximately bimonthly intervals for five months at 16 vadose zone monitoring installations 
(Figure II.3.3-16). By comparing successive neutron count profiles and noting changes in 
neutron counts with depth, it is possible to determine wetting fronts and changes in water 
storage. 

To obtain neutron count measurements, the probe was placed on top of the protective 
surface casing and the probe was lowered into the neutron access tube to predetermined intervals 
marked with cable stops. Neutron counts, 32 seconds in duration, were taken at 1-foot intervals 
from the top to the bottom of the neutron access tube or to the level of standing water, if 
encountered. 

Neutron count profiles for 16 monitoring locations are presented as Figures II.3.3-17 
through II.3.3-32. Table II.3.3-14 summarizes the neukon moisture monitoring results. 
Although changes in neutron count profiles are visible at some locations, there is no evidence 
of a vertically moving wetting front at any of the monitoring locations. Changes in neutron 
count profiles reveal four primary moisture and water storage trends: 

0 A seasonal declining water table south and east of the SEPs; 

0 Drainage in soils above the water table during decreases in ground water level; 

0 A seasonal decrease in water storage between ground surface and about 3 feet at 
most locations; and 

a Static neutron count profiles beneath SEP 207-A. 

Neutron count profiles at neutron monitoring locations 41793,43193,44093, and 44393 
show evidence of a declining water table. These monitoring locations are situated south and east 
of the SEPs. Location 40293, situated near North Walnut Creek, also shows a water level 
decline. Hydrographs from location 3887 confirm that the water table elevations were 
decreasing at these locations. These locations show a decrease in moisture content in the lower 
to middle portions of the monitored intervals. Most of the other neutron monitoring locations 
appear to show a relatively static water table as summarized in Table II.3.3-14. The fluctuation 
of the water table as evidenced by the neutron probe data is less than the fluctuations observed 
in the monitoring wells and piezometers. 

During seasonal fluctuations of the water table, soils that are situated just above the water 
table drain as the water table elevation decreases. Drainage is evident at neutron monitoring 
locations 41793, 43193,44093, and 44393. Drainage of the soils results in decreased neutron 
counts because the soils are less moist. This decrease in moisture content results in an increase 
in the matric potential of these materials. 
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TABLE II.3.3-14 

SUMMARY OF NEUTRON PROBE MEASUREMENTS 

Location Estimated Depth Water Table Depth To Neutron Counts 
To Water Condition Bedrock At Bedrock 
(fi bgs) (fi bgs) Contact 

40293 1.9 Static NA 

40393 6.0 static 6.0 15,000 

40593 22.1 Static 21 .o 16,200 

40693 1.6 static 1 .o 15,000 

40793 . 7.3 Static 8.5 16,000 

40993 = 25 static 9.7 16,500 

41293 3.6 static 3.3 15,000 

e 

NA-not applicable 
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The effects of evaporation are evident at many of the neutron monitoring locations. 
Evaporation produces an upward vertical flux of moisture movement in the vadose zone. Drying 
of the upper foot of soil is very common and extends to depths of as much as 3 feet. Evidence 
of surface drying is most pronounced at neutron monitoring locations 40293,40393,40793, and 
41293 north of the SEPs. 

Neutron count profdes at monitoring locations 40993,41593, 42493, and 43693, which 
are situated beneath or adjacent to the SEPs, indicate static moisture conditions at depth. Most 
of the variations in the neutron count measurements are small and reflect only slight changes in 
moisture content. The transient effects of evapotranspiration are minimized beneath the SEPs 
because the asphalt liners retard evapotranspiration. 

The effects of the neutron/lysimeter boring completion materials on neutron 
measurements are evident at the locations that show water level declines. Evidence of water 
level decline is most pronounced in the soil intervals adjacent to Colorado silica sand and least 
pronounced adjacent to bentonite. This was determined by plotting the neutron/lysimeter 
completion on the borehole logs presented in Appendix II.H. The well-sorted, coarse-grained 
Colorado silica sand drains rapidly as the water table declines and a decrease in the neutron 
counts is observed. Moisture characteristic curves of coarse-grained, poorly-graded materials, 
such as Colorado silica sand, rapidly decrease in moisture content when their air-entry pressure 
is reached. This characteristic is less pronounced in fine-grained materials with a uniform pore- 
size distribution such as silica flour and bentonite. Neutron count measurements adjacent to 
bentonite show little to no change as the water table declines because of the high air entry 
pressures associated with these materials. Therefore, neutron moisture readings adjacent to 
bentonite may not be representative of changing moisture conditions in surrounding materials. 
The effect of the non-native access tube/lysimeter completion materials on the neutron count 
measurements suggests that the neutron access tubes should not be installed in the same borehole 
as the lysimeters. In addition to the effect of the completion materials, sampling of the 
lysimeters also may cause localized changes in the moisture content. 

@ 

II.3.3.4 Laboratory Measurements of Hydraulic Conductivity of the Vadose Zone 

Hydraulic conductivity (K) is a measure of the ease that water moves through soil or rock 
and is dependent on the texture, or particle-size distribution, and the structure, or arrangement 
of the soil particles. K is the proportionality factor in Darcy's equation (v = K * i) and relates 
the velocity (v) of water in a porous medium to the hydraulic gradient (i). Determination of the 
ability of unsaturated and saturated geologic materials to transmit liquids is one of the more 
important site characterization parameters and is critical for the design of vadose zone 
monitoring systems. The EPA (1992) characterizes hydraulic conductivities as follows: 
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Hydraulic Conductivity Description 
(cm/sec) 
> 10-3 High 

a lW3and > lo5 Moderate 

< 10-5and > io6 LOW 

a loa Inhibited 

Laboratory measurements of saturated hydraulic conductivity (KJ and soil moisture 
characteristics were conducted by DBS on 25 undisturbed core samples selected from the brings 
drilled for lysimeter and neutron access tube installation. These parameters were measured to 
provide data to allow calculation of the unsaturated hydraulic conductivity (K3 and to provide 
soil hydraulic data for IM/IRA engineered barrier performance modeling. The results of these 
analyses and the calculated K,,, values are presented in the following sections. 

II.3.3.4.1 Saturated Hydraulic Conductivity 

K, was measured for each of the intact soil samples selected for physical property 
analysis. Laboratory measurement of K, was conducted using either the constant head (ASTM 
D2434-68) or falling head (Klute, 1986) method. The constant head method is used to measure 
K, for soils containing less than 10 percent silt and clay and hydraulic conductivities between 
1 and lo-’ cm/s. The falling head method is used to measure K, in fine-grained soils with 
hydraulic conductivities between lU3 and cm/s. Sample BH40405AE, a gravelly sand from 
borehole 44393, was the only sample analyzed by the constant head method. The results of the 
K, determinations are presented in Table II.3.3-15 for FWA and associated soils and in Table 
II.3.3-16 for the bedrock lithologies. 

0 

The laboratory-measured K, of RFA and associated soils ranged between 7.1 X 10-* and 
1.0 X lo-’ cm/s. Three samples exhibited K, values greater than 1.0 X 10” cm/sec and a 
geometric mean of 5.8 X cm/sec. These samples are representative of soils with a high &. 
The remaining RFA samples exhibited K, values less than 1.0 X lo4 cm/sec and a geometric 
mean of 1.0 X lo4 cm/sec. Most of the samples analyzed exhibited K, values between and 
lod cm/s Soils with K, values less than lo5 are representative of low to inhibited K,. 

The laboratory-measured K, of bedrock lithologies ranged between 1.8 X and 3.6 
X l@’ cm/s. All of the bedrock samples exhibited K, values less than 1.0 X l@’ cm/s. 
Siltstones and claystones exhibited a geometric mean of 3.8 X lo8 cm/sec. A single bedrock 
sandstone sample (BH40609AE) from borehole 40993 yielded a K, value of 1.8 x la’ cm/s. 
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TABLE II.3.3-15 

SATURATED HYDRAULIC CONDUCTIVITY 
ROCKY FLATS ALLUVIUM 

Method of Andysis 
Kat 

Sample Number (cm/sec) Constant Head Falling Head 

BH40396AE 2.9 x X 

BH40397AE 1.5 x 10-7 X 

BH40398AE 6.8 x X 

BH40401AE' 

BH40403AE 

BH40405AE 

BH40407AE 

BH40600AE 

BH40601AE 

BH40602AE 

BH40606AE 

BH40607AE 

BH40608AE* 

BH40611AE' 

BH40612AE 

BH40613AE" 

3.0 x 10-9 

1.1 x loa 

7.1 x 

1,2 x loa 

2.0 x 10-3 

1.2 x 10-5 

5.7 x loa 

5.0 x lod 

1.8 x 10-5 

1.4 x 10-3 

1.0 x 10-9 

1.4 x loa 

1.1 x lo4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE II.3.3-16 

SATURATED HYDRAULIC CONDUCTIVITI 
BEDROCK LITHOLOGIES 

Method of Analysis 
K a t  

Sample Number (cm/sec) Constant Head Falling Head 

BH40402AE 1.6 x 

BH40404AE' 5.3 x 10-9 

BH40406AE 5.1 x 10-9 

BH40408AE 1.3 x 10-7 

BH40603AE 1.0 x 10-7 

- 

X 

X 

X 

X 

X 

BH40604AE 4.3 x 10-9 X 

BH40605AE' 3.6 x 10-9 X 

BH40609AE 1.8 x 10-5 X 

BH40610AE 1.0 x 10-7 X 
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Figure II.3.3-33 shows the relationship between K, and depth bgs. No apparent 
relationship exists between K, and depth. However, with few exceptions, this figure shows that 
the RFA K, values are typically greater than lod cm/s and that the bedrock lithologies exhibit 
K, values less than 10’ cm/s. 

II.3.3.4.2 Soil Moisture Characteristics 

The amount of saturated pore space available for water movement within a soil varies 
with the volumetric water content. Thus, a direct relationship exists between the volumetric 
water content and the hydraulic conductivity of a soil. Maximum hydraulic conductivity occurs 
when a soil is fully saturated. As a soil desaturates, pores become air filled, which decreases 
the pore volume capable of transmitting water. The first pores to desaturate are the largest, 
most conductive pores. As a result, desaturation is often accompanied by a rapid decrease in 
hydraulic conductivity. 

Defining the relationship between moisture content and hydraulic conductivity in a soil 
is necessary for describing and simulating the movement of water in an unsaturated soil. The 
relationship between the soil water content and the pressure head (or matric potential) is a 
fundamental hydraulic characteristic of vadose zone soils. This relationship is defined by the 
moisture characteristic or water retention curve. 

Soil moisture characteristics of the initial drainage curve for RFA and associated soils 
and bedrock lithologies were determined by DBS using both pressure-plate and thermocouple 
psychrometric methods presented in MOSA, Chapter 26 (Klute, 1986), ASTM D2325-68 
(ASTM, 1992), ASTM D3152 (ASTM, 1992), and Jones and others (1990). The moisture 
characteristic curve developed for the soil and bedrock samples was mapped by establishing a 
series of equilibria by drainage from zero to approximately 15 bars pressure head. 

0 
The results of the soil moisture characteristic analyses are summarized in Table II.3.3-17. 

Tables II.3.3-18 and II.3.3-19 show the matric potential relative to the initial moisture content 
of each sample. This table also shows the calculated unsaturated hydraulic conductivity (K,J 
for the sample. Calculated K,,, is discussed in the following section. Graphs of the moisture 
content versus pressure head are presented in Appendix 11. S . Figure II. 3.3-36 shows an example 
of the pressure head-moisture content relationship for a soil sample from borehole 40993. This 
figure indicates that moisture content decreases rapidly with increasing pressure head (or matric 
potential). The initial moisture content of the soil sample is shown on the figure indicating that 
the sample at the time of collection had a matric potential of approximately 3,200 cm (3.2 bars). 
Minimal water movement occurs in the vadose zone below about 0.3 bars of pressure. 

II.3.3.4.3 Unsaturated Hydraulic Conductivity 

Soil water retention data obtained from the moisture characteristic analyses were used to 
calculate the K,,, of each sample analyzed. L, as a function of moisture content and/or pressure 
head, was calculated using RETention Curve (RETC), a computer program developed by van 
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TABLE 11.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 

Pressure Head Moisture Content 
Sample Number (a water) (%, m3/m3) 

BH40396AE 

BH40397AE 

BH40398AE 

BH40401AE 

0 
21 
82 

306 
1020 
3467 

15195 

0 
52 

204 
5 10 

1020 
5130 

1499 1 

0 
82 

316 
826 

1632 
5609 

14685 

0 
82 

316 
826 

1632 
5609 

14685 

32.1 
32.1 
30.0 
27.6 
25.2 
23.2 
22.6 

34.7 
34.1 
32.4 
31.6 
30.6 
28.4 
27.3 

41.5 
40.7 
37.4 
35.2 
33 -4 
30.8 
29.1 

42.4 
40.7 
37.7 
36.7 
36.2 
34.7 
33.1 
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TABLE 11.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Pressure Head Moisture Content 
Sample Number (a water) (%, cm3/cm3) 

BH40402AE 

BH40403AE 

BH40404AE 

BH40405AE 

0 
55 

206 
510 

1020 
5130 

14991 

. o  
22 
83 

306 
1020 
3467 

15195 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
6 

10 
51 

213 
1020 

15603 

46.4 
45.8 
44.8 
43.6 
41.8 
38.6 
35.9 

37.0 
36.8 
34.6 
32.5 
29.8 
26.9 
24.1 

51.2 
50.5 
47.9 
45.1 
43.0 
38.1 
34.6 

25.4 
24.4 
16.2 
4.3 
2.2 
1.8 
1.6 
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TABLE n.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Pressure Head Moisture Content 
Sample Number (a water) (%, an3/cm3) 

BH40406AE 

BH40407AE 

BH40408AE 

BH40600AE 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
21 
85 

306 
1020 
3467 

15 195 

0 
52 

204 
510 

1020 
5130 

14991 

0 
9 

41 
121 
357 

1030 
14685 

38.2 
37.7 
34.8 
33.2 
32.1 
30.0 
27.8 

43.8 
42.6 
41.1 
38.9 
36.2 
32.3 
27.4 

44.9 
43.3 
41.6 
40.2 
38.4 
34.0 
30.8 

24.4 
14.8 
11.1 
9.2 
7.9 
6.9 
5.3 
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TABLE 11.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Sample Number 
Pressure Head 

(-cm water) 
Moisture Content 

(%, cm3/cm3) 

BH4060 1 AE 

BH40602AE 

BH40603AE 

BH40604AE 

0 
21 
82 

306 
1020 
3467 

15195 

0 
19 
79 

204 
510 

1020 
5130 

14991 

0 
53 

204 
5 10 

1020 
5130 

14991 

0 
82 

316 
826 

1632 
5609 

14685 

35.0 
32.9 
30.8 
28.3 
25.9 
22.5 
18.6 

31.6 
27.4 
25.1 
23.5 
21.9 
20.0 
15.7 
14.9 

43.2 
42.7 
40.7 
39.1 
37.1 
32.9 
30.1 

48.4 
48.1 
45.7 
44.0 
42.6 
39.0 
35.6 
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TABLE II.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Pressure Head Moisture Content 
Sample Number (-cm water) (%, Qn3/Qn3) 

BH40605AE 

BH40606AE 

BH40607AE 

BH40608AE 

0 
82 

316 
826 

1632 
5609 

14685 

0 
21 
80 

306 
1020 
3467 

15195 

41.9 
39.9 
37.8 
36.0 
34.6 
31.0 
31.0 

41.1 
39.9 
37.7 
34.7 
31.4 
28.8 
26.2 

0 35.7 
20 34.2 
82 31.8 

306 28.9 
1020 25.9 
3467 23.3 

15195 20.9 

0 
13 
40 

122 
357 

1030 
14685 

27.0 
20.1 
17.1 
15.1 
14.2 
12.9 
10.6 
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TABLE 11.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Pressure Head Moisture Content 
Sample Number (-cm water) (%, m3/m3) 

BH40609AE 

BH40610AE 

BH406 1 1 AE 

BH40612AE 

0 
22 
78 

306 
1020 
3467 

15195 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
82 

316 
826 

1632 
5609 

14685 

36.3 
34.4 
30.2 
23.4 
19.9 
18.3 
16.6 

40.2 
39.3 
36.8 
34.1 
32.1 
27.8 
25.8 

53.5 
53.8 
49.0 
46.1 
44.7 
41.3 
38.8 

32.1 
30.0 
26.1 
24.5 
23.6 
22.8 
21.4 
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TABLE 11.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Sample Number 
Pressure Head 

(-cm water) 
Moisture Content 

(%, cm3/cm3) 

BH406013AE 0 
21 
53 

125 
357 

1030 
14685 

40.0 
38.0 
37.4 
36.5 
35.1 
33.1 
29.0 
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Genuchten and others (1991) for the EPA. A closed-form analytical solution based on Mualem's 
(1976) theoretical model was used to predict K, from soil moisture characteristics. RETC uses 
a non-linear least-squares method to fit the experimental data to a moisture characteristic 
function. Input parameters consist of matric potential-moisture content data pairs and saturated 
moisture content . 

@ 

Mualem (1976) described the theoretical basis for the procedure used to estimate K,,, from 
the moisture characteristic curve according to the following formula, 

where K, is th relative K, h is the negative pressure head 
moisture content (SJ, and 

a function of dimensionless 

where subscripts r and s indicated saturated and residual values of moisture content. The 
relationship between dimensionless moisture content and pressure head is given by the following 
equation, 

where m is equal to 1-lh. a, n, and m are obtained by a non-linear least-squares numerical 
procedure applied to measured moisture retention data using the technique developed by van 
Genuchten (1980) and van Genuchten and others (1991). 

The results of these calculations are shown in Tables II.3.3-18 and II.3.3-19 for the RFA 
and bedrock lithologies, respectively. The K, results using the corrected initial moisture contents 
also are shown for comparison. Figure II.3.3-37 is an example of the calculated &-moisture 
content function for a soil sample from borehole 40993. 

Figure II.3.3-34 shows the relationship between K,,, and moisture content. RFA and 
bedrock lithology K,,, values are clustered as two separate groups; however, the RFA data exhibit 
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a wider range of K,,, values. K, values for the RFA range between 4.6 x 106 and 2.2 x lo-*' 
cm/s and have a geometric mean of 7.2. x cm/s. The bedrock K, values typically range 
between 4.2 x lo-" and 6.4 x cm/s. Figure 
II.3.3-35 depicts K,,, versus depth bgs. K,,, values do not appear to change with depth since the 
K,,, data exhibit a wide range of values at similar depths. 

@ 
cm/s and have a geometric mean of 1.5 x 

K,,, values also were calculated for the corrected initial moisture content values by 
calculating an initial moisture content for the < 2mm size fraction and are termed "corrected 
K,,,." Corrected K,,, values for the RFA range between 1.2 x lo5 and 2.0 x cm/s, and have 
a geometric mean of 6.9 x cm/s. Corrected K,,, values for the bedrock are similar to the 
uncorrected results because the initial moisture contents did not change because a > 2mm size 
fraction is not present. Corrected K,,, values for the RFA varied consistently from the initial K,. 

II.3.3.5 Water Level Measurements 

Water level measurements were gathered from historical records and from an active field 
monitoring program. Monitoring was conducted using automated and manual alluvium water 
level measurement techniques according to SOPS VZ.5 and GW.l. Two hydrostratigraphic 
regimes were examined as part of the Phase I RFWRI investigation. The upper 
hydrostratigraphic unit (Upper HSU) is defined as the unconfined saturated zone consisting of 
the alluvium and weathered bedrock strata. The alluvium regime consists of Rocky Flats Allu- 
vium, construction fdl, valley fill alluvium, colluvium, and landslide soil materials. 

Alluvium water level measurements were obtained at four automated monitoring locations 
in OU4 in order to correlate water level changes with precipitation events. These data allow an 
estimate of the approximate travel time for infiltration to reach the water table. The automated 
monitorhg program was later expanded to hclude manual alluvium water level monitoring to 
identify the vertical extent of the vadose zone, to provide greater detail on water table configura- 
tion and fluctuations in OU4 than was previously available through RCRA alluvium monitoring 
programs, and to allow comparison of historical hydrographs when the SEps were in operation 
to water levels after SEPs 207-A, 207-B North, and 207-B Center were drained. Alluvium 
water level fluctuations recorded in 1993 are examined in Section II.3.3.5.3. Historical alluvium 
water level fluctuations are discussed in Section II.3.3.5.4. The configuration of the alluvium 
and Upper HSU water tables is presented in Section II.3.3.5.5. Water table fluctuations adjacent 
to the SEps are presented in Section II.3.3.5.6. Section II.3.3.5.7 discusses the thickness and 
extent of the vadose zone. 

Generally, water level elevations in the alluvium and the Upper HSU are highest during 
the spring and lowest in the fall through winter months. The hydrograph from monitoring 
location B208789 (Figure II.3.3-38), located near North Walnut Creek in the northwestern 
comer of OU4, is an example of recharge to the alluvium during the spring. Figure II.3.3-39 
shows the near-cyclic repetition of wetting and drying for monitoring location P209789, located 
approximately 200 feet east of SEP 207-B Center. This hydrograph depicts proximal spring 
alluvium recharge events and the subsequent summer through winter drying episodes. Figure 
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II.3.3-39 also depicts that these episodes are not uniform in magnitude, duration, or periodicity. 
These near-cyclic wetting and drying episodes of the alluvium water table cause the water level 

fluctuations observed at OU4 and the varying thickness of the vadose zone. 

II.3.3.5.1 Phase I - Automated Alluvium Water Level Measurements 

One Hermit 1OOOB@ and three Well Sentinel LTM 3000@' dataloggers equipped with 
pressure transducers were used to automatidy measure and record water table elevations within 
the alluvium. Data logger measurements were programmed to automatically record alluvium 
water levels at four-hour intervals. The purpose of the data collected at these locations was to 
evaluate the alluvium water table response to precipitation events. Figure II.3.3-40 presents 
locations and durations of monitoring at each well or piezometer equipped with automated data 
loggers and vented pressure transducers throughout the alluvium water level monitoring 
investigation. 

Alluvium water level elevations at monitoring locations 2286, 2686, and 44193 were 
measured between March and October, 1993. Monitoring well 2286 is located just south of the 
center portion of the southern berm around SEP 207-C, while monitoring locations 2686 and 
44193 are situated off the southeastern corner and northeast of SEP 207-A, respectively. The 
data logger at monitoring location 3787 was also instatled in late March, 1993. This data logger 
was in~o~ect ly  programmed and provided erroneous data. Logging equipment from monitoring 
location 3787 was moved southeast approximately 150 feet to monitoring well cluster P207689 
and P207789 on April 13, 1993, due to the abandonment of monitoring location 3787 under the 
Well Abandonment and Replacement Program (WARP). A vented transducer was installed in 
bedrock piezometer no7789 and attached to the data logger at nearby monitoring location 
P207689 to evaluate potential bedrock-alluvium water level fluctuations in this area. The data 
logger malfunctioned and was removed on July 14, 1993. Surface-vented pressure transducers 
were used to alleviate the need to correct alluvium water level elevations for barometric pressure 
variation. 

@ 

Hydrographs of alluvium water level elevations collected using automated data loggers 
are presented on Figures II.3.3-41 through II.3.3-44. Daily precipitation data are also shown 
on these figures. The precipitation data were obtained from the RFP meteorological station. 

Generally, hydrographs for monitoring well 2286 and 2686, and piezometers 41193 and 
P207689 (Figures II.3.3-41 through 11 3.3.44, respectively) show a spring wetting cycle fol- 
lowed by a drying period. Only wells 2286,2686, and P207689 hydrographs appear to correlate 
to precipitation events. The hydrograph for monitoring location 41 193 (Figure II.3.3-43) shows 
a continual decline and no apparent response to precipitation events. Two periods of precipita- 
tion were specifically evaluated to determine if infiltration of precipitation occurs at OU4. 
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II.3.3.5.2 Water Table Response to Precipitation , 

Data obtained from the automated water level monitoring were used to evaluate potential 
water table responses to precipitation in the alluvium. TM1 proposed using neutron probe data, 
lag times between precipitation events, and water table elevation fluctuations to identify the 
mechanism of water movement through the vadose zone. Precipitation data (inception time, total 
precipitation, and duration), coupled with potential responses of the alluvium water table, were 
used to estimate vertical hydraulic conductivity for selected locations. Site -specific precipitation 
data were obtained from RFP and are believed to be representative of OU4 site conditions. 
Generally, monitoring well hydrographs 2286, 2686, 41193, and P207689 (Figures II.3.3-41 
through II.3.3-44, respectively) show water table elevation increases during spring precipitation 
events followed by a summer through fall drying period, resulting in decreased water level 
elevations. 

Two periods of precipitation were used to evaluate infiltration. The first period examined 
was March 26 through April 17, when 2.3 inches of total precipitation were recorded. This 
period represents a series of precipitation events that were often greater than 0.2 inches/day. 
This first precipitation period was preceded by a dry period of low precipitation and frequency 
in February and early March, 1993. The second precipitation period evaluated was a three-day 
event that occurred between June 16 and June 18, 1993. Approximately 1.6 inches of total 
precipitation fell in three days, followed by approximately one month of dry conditions. These 
two precipitation periods were evaluated for monitoring wells 2286, 2686, and 41193. Water 
level data were not recorded at monitoring location P207689 during the first and second 
precipitation periods due to data logger malfunctions, although the water table at P207689 ap- 
pears to increase approximately 0.5 feet in response to precipitation events occurring between 
May 9 and May 12, 1993. Because the first and the second precipitation periods occurred as 
several separate events, neither period is ideal for examining the movement of wetting fronts or 
estimating hydraulic conductivities. 

0 

For the first precipitation period, alluvium water table elevations increased 1.2, 1.7, and 
2.3 feet at monitoring wells 2286, 2686, and 41193, respectively. These alluvium water table 
responses occurred following about 2.3 inches of total precipitation between March 26 and April 
17. At monitoring location 2286, the datalogger was not in operation until March 31, so the 
water table elevation increase from the precipitation event that started on March 26 may have 
been larger than was recorded. Although the datalogger was in place for monitoring location 
2686, the water table elevation shows no trend reversal associated with the first precipitation 
period. 

Monitoring location 2286 (Figure II.3.3-41) appears to be most sensitive to precipitation 
events, while piezometer 41193 (Figure 11.3.3-43) is least sensitive. Monitoring location 2286 
is installed in an area of clayey gravels to well-graded gravels with little fines, while piezometer 
41193 is installed in silty gravel. 
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If it is assumed that precipitation events cause the water table to rise, the hydraulic 
conductivity of the water-bearing stratum can be calculated using the lag time between the 
inception of precipitation and the initiation of water table rise. Lag times could not be calculated 
between precipitation onset and a possible water table response for 2286 and 2686 monitoring 
wells. However, for 41193 there is a water table elevation trend reversal for which a lag time 
can be calculated. The depth to the water table is approximately 5.4 feet. The lag time between 
onset of precipitation of March 26, 1993, and the water table elevation reversal is approximately 
4 days. Assuming that this precipitation event caused the water table to rise, the hydraulic 
conductivity calculated is 4.8 X lo4 cm/s at this location. 

0 

A water table response to a precipitation event that occurred on June 17, 1993, was 
recorded at monitoring locations 2286 and 2686. The event produced 1.57 inches of precipita- 
tion in three days and appears to have offset declining water level trends in both hydrographs. 
Alluvium water level elevation increases of 1.08 feet and 0.23 feet were recorded in loations 
2286 and 2686, respectively. These increases are smaller than the increases recorded during the 
spring precipitation event. The lag time between the start of the second precipitation event and 
the water table response appears to be approximately 8 hours at monitoring location 2286, and 
24 hours at location 2686. 

As a result of the water table response to precipitation evaluations, w e e  general 
mechanisms of infiltration and subsequent recharge of the alluvium are suggested: 

* Uniform areal infiltration through the vadose zone interstitial soil pore space; 

* Rapid localized percolation through macropores; and 

Localized recharge occurring in limited areas where runoff ponds in drainages or 
depressions. 

Recharge at the site probably consists of a combination of these processes. 

Generally, interstitial flow is characterized as flow through intergranular pores within the 
soil matrix. This flow mechanism is described by the Richard’s equation (see below) for 
unsaturated flow in a porous medium, 

where K is the hydraulic conductivity relative to the moisture content 8, t is time, and z is the 
vertical direction. Richard’s equation is analogous to Darcy’s quation for flow in a saturated 
porous medium. Macropore flow occurs in materials that have dual porosity. Dual porosity can 
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be viewed as a network of macropores within a less permeable interstitial soil matrix. 
Macropores may be represented by a wide variety of soil structures, such as desiccation cracks, 
root channels, rodent holes, and manmade features. 

(b 

Localized recharge may occur in areas where the hydraulic properties of the soil, such 
as hydraulic conductivity, and topography are more conducive to vertical movement. These 
conditions may occur natudly or they may be due to manmade features such as drainage 
depressions, buried utilities, or construction N1 with high hydraulic conductivities. Drainage 
depressions can collect more water than is provided through natural precipitation. These 
depressions provide a potential reservoir of water that can infiltrate and recharge ground water. 
Areas with buried utilities and construction fill can have higher hydraulic conductivities due to 
excavation and subsequent r e m g  with materials whose bulk density is less than the mils 
removed, or filled with gravel and sand that have a much higher hydraulic conductivity than the 
native material. 

Geneially, recharge dominated by interstitial flow through clayey soils would be 
characterized by relatively long lag times between precipitation and water table responses, while 
macropore infiltration would be characterized by shorter lag times. Because of the low hydraulic 
conductivities at the site, macropore flow probably is the predominant recharge mechanism. 

The near-surface alluvium that governs interstitial flow for monitoring locations 2286, 
2686, and 41193 are similar, in that they are primarily coarse-grained soils. Although the soils 
are similar in texture, they are not representative of RFA throughout OU4. To a depth of the 
approximate water table at monitoring location 2286, the alluvium is composed of clayey gravels 
to well-graded gravels with few fines. At monitoring location 2686, the alluvium is composed 
of poorly-graded gravels to poorly-graded sands. The alluvium at piezometer location 41193 
is composed of silty gravels to well-graded gravels. 

@ 

Guelph permeameter field-saturated hydraulic conductivities &,) for alluvial gravels 
similar to soils surrounding the data logger monitoring locations range from less than 1.0 xlod 
to 1.1 xlC3 cm/s (Section II.3.3.3.2). Laboratory measured K, values of RFA and associated 
soils have a broader range. Using the Kf, geometric mean of 5.8 X cm/s for the three 
sandy soil samples (Section II.3.3.4. l), the calculated time of arrival for infiltrating precipitation 
ranges between two and ten hours, depending upon the water table depth. Calculated 
infiltration travel times for the RFA clay- and silt-rich soils, using a K, geometric mean of 1.0 
X lod cm/s (Section II.3.3.4. l), yields arrival times between about 2 and 7 years for infiltration 
to travel to depths of 2 and 7 ft bgs. Site-specific data indicate that water table responses to 
precipitation events range between 8 and 24 hours at the data logger monitoring locations. The 
discrepancies between the calculated and the actual arrival times is probably accounted for by 
the heterogeneities present within the RFA. 

If precipitation percolates on an areal basis through the vadose zone, as data suggest for 
the coarse-grained alluvium at these monitoring locations, it should also infiltrate but at a much - 

slower rate in the fine-grained RFA. 
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Approximately one-half of the neutron probes were installed in alluvium that generally 
is finer-grained and has a lower hydraulic conductivity than materials surrounding the data 
logger monitoring locations. Neutron moisture profiles obtained approximately one month after 
the second precipitation event showed no evidence of a downward-moving wetting front at any 
of the neutron monitoring locations. Evidence of significant wetting front movement was not 
observed at any of the neutron probe monitoring locations. Detection of macropore flow with 
the neutron probe would have required essentially continuous monitoring to measure the 
anticipated rapid increase and decrease in moisture as the infiltration moved through the 
macropore. 

@ 

II.3.3.5.3 Phase I - Alluvium Water Level Measurements 

Alluvium water level elevations were collected at wells and piezometers within the OU4 
area between March 31,1993 and September 20,1993. Water level measurements are currently 
monitored at most of the monitoring wells and piezometers in OU4. The purpose of collecting 
additional alluvium water level data within OU4 was to better determine the thickness, 
configuration, extent, and fluctuations of the vadose zone than was previously evaluated using 
RCRA alluvium monitoring program data. Three alluvium water level data sets comprise the 
1993 alluvium water level monitoring program for OU4. These data sets are the RCRA quarterly 
water levels, the automated water level measurements, and the additional manual alluvium water 
level elevations. This section will examine fluctuations in the alluvium water table using these 
data. 

Figure II.3.3-45 shows locations monitored during the 1993 alluvium wapr level 
monitoring program, and the alluvium and bedrock wells that were considered as part of the 
Upper HSU. Historical and 1993 quarterly alluvium water level measurements from the RCRA 
alluvium monitoring program were also obtained from WEDS. Historical and 1993 alluvium 
water level elevations were integrated to produce long-term hydrographs. Hydrographs and 
water level elevation data for the alluvium water levels monitored in 1993 and composite histori- 
cal hydrographs are presented in Appendix 1I.T. 

0 

Alluvium water level elevations collected between March and October, 1993, demonstrate 
a water table fluctuation ranging from a decrease of 9.4 feet to an increase of about 4 feet. The 
maximum decrease of 9.4 feet was measured at monitoring location 46293 which is 
approximately 200 feet north of SEP 207-A. Here the spring water table was 1.7 feet above 
ground level, indicating artesian conditions. The maximum increase of about 4 feet was 
measured at monitoring location 46393 near the ITS in the northern buffer zone. Not all wells 
and piezometers were monitored for the entire duration but their high and low water level values 
are similar to historical values. 

Figure II.3.3-46 shows the distribution of the ground water fluctuations recorded during 
the 1993 alluvium water level monitoring program. Two areas of declining water level are 
depicted, one approximately 200 feet east and one approximately 200 feet north of the SEPs, 
where alluvium water level fluctuations of approximately 6 and 9 feet occurred, respectively. 
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In the immediate area of the SEPs, ground water fluctuations are relatively stable, generally 
fluctuating by about 3 feet or less. e 

In the ITS area, monitoring location 46393 increased in water elevation by approximately 
4 feet. This piezometer was the only one to show an increasing water level trend and suggests 
a localized source of recharge, perhaps a leaking portion of the ITS. This monitoring location 
is also in close proximity to a mapped slump block scarp. The scarp may also act as a localized 
pathway for alluvium waters. Monitoring location 46393 was selectively positioned 
downgradient of an interceptor drain to evaluate the effectiveness of the ITS. 

Several areas were dry throughout the monitoring program, while other areas were ini- 
tially saturated and became dry during the summer. Specifically, piezometer 41993 located just 
west of SEP 207-C was wet in March and dry in October. Four of the five piezometers 
clustered approximately 400 feet northeast of SEP 207-B North were continuously dry 
throughout the monitoring period. The ITS is assumed to be effective in draining these 
topographidly higher locations. The only wet monitoring location of the five, piezometer 
44893, is situated in a bedrock low as depicted in refraction seismic Line 7. Monitoring location 
44893 is wetter because flow may be occurring along a small bedrock paleo-channel identified 
on Line 7. 

Two other piezometers, 45593 and 46093, also were continuously dry during the 
monitoring period. Both piezometers are within the PA and approximately 250 feet north of the 
SEPs. These piezometers were installed as push well points and may provide questionable data 
since the well screen may have been smeared with clay during installation. Since the data from 
these piezometers are questionable, both piezometers are not considered in any of the ground 
water level maps. Table II.3.3-20 provides a summary of the 1993 fluctuations recorded. 

0 

A comparison of the water level fluctuations was made by dividing the water level 
fluctuation by its duration period. This value represents the hydraulic conductivity of the soil 
in the interval of the water table decline. Although these values are assumed to be relative they 
are calculated over various time periods within the 1993 alluvium water level monitoring 
program and thus received slightly differing amounts of precipitation. Some of the time periods 
lasted the entire measurement period while other time periods were early in the alluvium water 
level measurement period, prior to the well going dry. Despite these varying time periods, most 
calculations were made during the initial water level decline when most of the precipitation oc- 
curred, or were averaged over the majority of the monitoring period. Most of the hydrographs 
appeared to decline at a uniform rate (Appendix II.T). 

Figure II.3.3-47 depicts two zones of relatively high hydraulic conductivity. These two 
zones nearly coincide with the maximum fluctuation zones shown in Figure II.3.3-46. The 
maximum relative hydraulic conductivity is approximately 8.2 x cm/s at monitoring location 
45793. Monitoring location 45793 is approximately 200 feet north of SEP 207-C. The second 
zone is centered about the northeastern corner of SEP 207-B South and has a hydraulic 
conductivity of 3.1 x lo-’ cm/s. The central portion of the OU4 area, including most of the 
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TABLE 11.3.3-20 

e SUMMARY OF 1993 ALLUVIUM WATER LEVEL FLUCTUATI 

Well Maximum Minimum Average Trend In Water Level Period Relative 

Elevation Elevation Elevation Change Fluctuation 
Number Water Level Water Level Water Level Water Level Fluctuation of K 

(ft msl) (ft msl) (ft msl) (feet) (days) (cm/s) 

1386 
1586 
1786 
1886 
2086 
2286 
2486 
2686 
2886 
2986 
3787 
3887 

05293 
5687 

40 193 
41 193 
4 1693 
42993 
43893 
43993 
44893 
44993 
45093 
45293 
45393 
45593 
45793 
45993 
46093 

5837.9 
5844.4 
5863.6 
5878.9 

Abandoned 
5971.9 . 
5976.2 
5966.7 

Abandoned 
5950.8 
5962.7 
5965.4 
5957.0 
5962.0 
5973.9 
5973.8 
5880.7 
5957.6 
5962.2 
5970.3 
5968.6 
5964.2 
5915.5 
5914.2 
5916.3 
5912.3 
5907.0 
5928.0 
5948.5 
5948.5 
5925.6 

5835.3 
5843.2 
5862.8 
5878.3 
Well 

5970.3 
5975.4 
5965.9 
Well 

5950.8 
5960.8 
5963.0 
5955.3 
5958.3 
5973.7 
5972.2 
5880.7 
5954.8 
5961.8 
5968.4 
5967.2 
5962.8 
5912.3 
5914.2 
5916.3 
5912.3 
5907.0 
5928.0 
5946.4 
5945.7 
5925.6 

5836.6 
5843.8 
5863.2 
5878.6 

5971.1 
5975.8 
5966.3 

5950.8 
5961.8 
5964.2 
5956.1 
5960.1 
5973.8 
5973 .o 
5880.7 
5956.2 
5962.0 
5969.4 
5967.9 
5963.5 
5913.9 
5914.2 
5916.3 
5912.3 
5907.0 
5928.0 
5947.5 
5947.1 
5925.6 

Decreasing 
Decreasing 
Decreasing 
Decreasing 

Decreasing 
Decreasing 
Decreasing 

Decreasing 
Increasing 
Decreasing 
Decreasing 
Decreasing 
Decreasing 
Increasing 

Dry 
Decreasing 
Increasing 
Decreasing 
Decreasing 
Decreasing 
Decreasing 

Dry 
Dry 
Dry 
Dry 
Dry 

Decreasing 
Decreasing 

Dry 

2.6 
1.2 
0.8 
0.6 

1.6 
0.8 
0.8 

0.0 
1.9 
2.4 
1.8 
3.8 
0.2 
1.6 
0.0 
2.8 
0.4 
1.9 
1.4 
1.4 
3.2 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
2.8 
0.0 

172 
157 
157 
36 

103 
155 
96 

162 
22 
101 
109 
120 
nd 
142 
177 
54 
96 
132 
163 
155 
172 
1 72 
172 
172 
172 
172 
9 
13 
172 

5.33E-06 
2.7OE-06 
1.80E-06 
5.88E-06 

5.48E-06 
1.82E-06 
2.94E-06 

3.05E-05 
8.38E-06 
5.66E-06 
1.1 OE-05 

3.97E-06 

1.83E-05 
1.47E-06 
5.08E-06 
3.03E-06 
3.19E-06 
6.56E-06 

8.23E-05 
7.60E-05 
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Well 
Number 

46293 
46393 
46493 
76192 

B208089 
B208589 
B208789 
B210489 
€207489 
€207689 
E07889 
P209289 

.E:;;:; 
E13989 
E18389 
€219089 
I219189 
E19489 

TABLE 11.3.3-20 

SUMMARY OF 1993 ALLUVIUM WATER LEVEL FLUCTUATI 

Maximum Minimum 
Water Level Water Level 

Elevation 
(ft msl) 

5941.3 
5881.9 
5887.3 
5954.0 
5924.0 
5854.8 . 
5904.3 
5855.1 
ND 

596 1.9 
5960.9 
5969.0 
5960.4 
5889.9 
5947.6 
5948.1 
ND 

5933.7 
5947.5 

Elevation 
(ft msl) 

593 1.9 
5877.9 
5887.3 
5954.0 
5923.3 
5852.5 
5901.3 
5852.0 
ND 

5959.2 
5955.1 
5969.0 
5954.4 
5889.9 
5947.6 
5943.8 
ND 

5933.5 
5946.9 

. .  

Average Trend In Water Level Period 
Water Level Water Level 

Elevation 
(ft msl) 

5936.6 
5879.9 
5887.3 
5954.0 
5923.7 
5853.7 
5902.8 
5853.6 

5960.6 
5958.0 
5969.0 
5957.4 
5889.9 
5947.6 
5946.0 

5933.6 
5947.2 

Change 

Decreasing 
Increasing 

Dry 
Dry 

Decreasing 
Decreasing 
Decreasing 
Decreasing 
ND 

Decreasing 
Decreasing 

Dry 
Decreasing 

Dry 
Dry 

Decreasing 
ND 

Increasing 
Increasing 

Fluctuation Of 

Fluctuation 
(feet) (day 

9.4 155 
4.0 157 
0.0 166 
0.0 1 72 
0.7 150 
2.3 105 
3.0 150 
3.1 119 

2.7 157 
5.8 134 
0.0 165 
6.0 158 
0.0 172 
0.0 1 72 
4.3 1 62 

0.2 28 
0.6 139 

Relative 
K 

(cm/s) 

2.14E-05 
8.99E-06 

1.65E-06 
7.73E-06 
7.06E-06 
9.19E-06 

6.07E-06 
1 S3E-05 

1.34E-05 

9.36E-06 

2 52E-06 
1 S2E-06 

II. 3- 183 



SEPs, in a trend from southwest to northeast, has relative hydraulic conductivities that are less 
than 1.0 x cm/s. In the ITS area, alluvium water levels are controlled by the artificial 
drains, limiting the water level fluctuations. Due to this artificial control, the relative hydraulic 
conductivities are less than 1 x 1C5 cm/s (Figure II.3.3-47). Several of the monitoring locations 
that were dry during the 1993 alluvium water level monitoring program are within the ITS area 
and are shown with hydraulic conductivities of zero which represents a dry monitoring location. 
Additionally, the two push well points (45593 and 46093) also are represented by zero hydraulic 
conductivity even though they are adjacent to the highest relative hydraulic conductivity area. 

0 

II.3.3.5.4 Alluvium and Upper HSU Ground Water Hydrographs 

Manual alluvium and bedrock water level elevations made in 1993 are incorporated with 
the RCRA historical water levels as hydrographs. These hydrographs and the water level 
measurement data are presented in Appendix II.T. A summary of the historical alluvium water 
level elevations, including 1993 elevations, are presented in Table II. 3.3-2 1. Table II. 3.3-2 1 
presents historical minimum, maximum, and average water level elevations and the range of 
water level fluctuations. 

Historical alluvium water level measurements exhibit water table fluctuations ranging up 
to 9.4 feet, and an average of 2.5 feet, throughout OU4. The maximum fluctuations of 9.4 and 
9.03 feet, were measured at monitoring locations 46293 and B208789, respectively. Monitoring 
location 46293, discussed previously, is approximately 200 feet north of SEP 207-A, while 
monitoring location B208789 is approximately 800 feet north of SEP 207-C in the buffer zone 
along North Walnut Creek. The historic minimums are represented by dry wells. I) 

Monitoring locations P209989 and 76192 are both dry wells that are screened in fie- 
grained soils. Monitoring location P209989 is located approximately 600 feet north of SEP 207- 
C within the North Walnut Creek drainage and adjacent to the ITS. Monitoring location 76192 
is located approximately 800 feet east of SEP 207-B Center and outside the PA. Other dry wells 
were installed in 1993, mainly within the confines of the ITS. 

Figure II.3.3-48 shows the distribution of the absolute magnitudes of the historical 
alluvium water level fluctuations. These fluctuations are comparable with the 1993 alluvium 
water level fluctuations, although some of the historical magnitudes are slightly greater. The 
greatest differences are within the North Walnut Creek drainage basin. Along North Walnut 
Creek, monitoring locations B208789 and 1386 have historical fluctuations of 9.03 and 7.4 feet, 
respectively. Adjacent to SEP 207-A, monitoring location 2686 has a historical water level 
fluctuation 2.1 feet greater than the observed 1993 fluctuation of 0.8 feet. Adjacent to the 207-B 
Series SEPs, the historical water level fluctuation is about 8.1 feet. This fluctuation area is ap- 
proximately 200 feet east of SEP 207-B South. At monitoring location 2286, just south of SEP 
207-C, the historical fluctuation is 5.8 feet and the 1993 fluctuation is 1.6 feet. This fluctuation 
difference of 4.2 feet results in an additional high fluctuation area that did not appear on the 
1993 alluvium ground water fluctuation map (Figure II.3.3-46). ’ The highest fluctuation 
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TABLE 11.3.3-21 
SUMMARY OF HISTORICAL UPPER HSU FLUCTUATION 

II 

Location Screened Maximum Minimum 
Stratum Historical Historical 

Water Water 
Level Level 

(f t msl) (ft msl) 

II 1386 Alluvium 5839 e5831.6 

Fluctuation 

>7.40 

1586 

1786 

Alluvium 5845.7 5843 2.70 

Alluvium 5865 5862.5 2.50 

I 1886 Alluvium 5880.5 ~5878.25 >2.50 

2686 I Alluvium I 5967.7 I 5964.75 I 2.95 I1 I I I I 

2086. 

2 2 8 6 

Alluvium 5951.5 e5950 >1.50 

A1 luvium 5973.95 5968.2 5.75 

2.82 11 3887 I Alluvium I 5965.7 I ~5962.88 I 
I I I I 

1~ 

5687 I Alluvium I 5973.85 I 5970.3 I 3.55 II I I I I 

2486 Alluvium 5976.25 e5975 >1.25 

11 40193 I Alluvium I ~5880.7 I ~5880.7 1 DRY 
I I I I 

2886 

2986 

3787 

11 41193 I Alluvium I 5957.6 1 5954.8 I 2.80 
I I I I 

Alluvium 5961.2 5955.45 5.75 

Alluvium 5953.3 ~5950.81 >2.49 

Alluvium 5963.1 5958.95 4.15 

11 41693 I Alluvium I 5962.2 I 5961.8 I 0.40 
I I I I 

44893 

44993 

45093 

45293 

45393 

11 42993 I Alluvium I 5970.3 I 5968.4 I 1.90 
I I I I 

Alluvium 5913.9 5912.3 1.60 

Alluvium ~5914.2 ~5914.2 DRY 

Alluvium <5916.3 e5916.3 DRY 
Alluvium c5912.3 ~5912.3 DRY 

Alluvium e5907 e5907 DRY 

11 43893 I Alluvium I 5968.6 I 5967.2 I 1.40 
I I I I 11 43993 I Alluvium I 5964.2 I 5962.8 I 1.40 
I I I I 

U 45593 I Alluvium I e5928 I e5928 I DRY 

Q 
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1 I I I 
76292 I BEDROCK I 

B208289 BEDROCK 5836.3 I e5835.3 I 
5869.75 e5869 

D - NO DATA OR INCONCLUSIVE DATA TO MAKE SELECTION. 
> AND < - WATER LEVELS OR FLUCTUATION GREATER THAN OR LESS THAN 
REPORTED VALUE. 
DRY - WATER LEVEL WAS BELOW BASE OF SCREEN FOR ENTIRE PERIOD. 
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observed is 9.4 feet and is located approximately 200 feet north of SEP 207-A. With the histori- 
cal data included, a zero fluctuation area is projected beneath SEP 207-A. This area is 
coincident with a bedrock high underneath the central portion of SEP 207-A (Figure II.3.5-6). 

'e 
II.3.3.5.5 Potentiometric Surfaces 

For the purposes of describing the OU4 water table configuration, spring and fall 1993 
potentiometric maps from Upper HSU elevation data were prepared (Figures II.3.3-49 and 
II.3.3-50). Water level data nearest the 15th of April and the 15th of September 1993 were 
chosen for presentation,'where possible. Both maps reflect Upper HSU potentiometric surfaces 
at these approximate times. Water level data used to prepare these maps were obtained from 
the Phase I RFURI water level measurement program and water level data from the RFEDS data 
base where appropriate. 

Figures II.3.3-49 and II.3.3-SO were generated using the above-mentioned water level 
data. Figures II.3.3-49 and II.3.3-50 depict contoured areas where ground water is present and 
absent in the Rocky Flats Alluvium. The top of bedrock is considered the lower limit of ground 
water in the Rocky Flats Alluvium. These areas are depicted as "dry alluvium" which is 
designated by a stipple pattern, and "saturated alluvium" which shows potentiometric contours. 
The dry alluvium areas were calculated by intersecting the Upper HSU potentiometric map 
surface from the top of bedrock surface. The dry alluvium areas represent areas where the 
Upper HSU water table elevation is below the top of bedrock. Alluvium wells that were dry 
during these periods occur within these dry alluvium areas. The intervening saturated alluvium 
areas are approximately coincident with the paleotopographic channels present on the bedrock 
surface and represent areas where ground water probably is flowing in the Rocky Flats 
Alluvium. 

e 
Figure II.3.3-49 depicts the April 1993 Upper HSU potentiometric surface for OU4. 

April 1993 was selected to represent the high water table, even though maximum water table 
elevations were not necessarily recorded in all wells during that period. Similarly, a low water 
table map is presented as Figure II.3.3-50, and reflects the Upper HSU potentiometric surface 
for September 1993. Figure II.3.3-50 was selected to represent the low water table, however, 
all wells did not exhibit the lowest water table elevation during that period. The major 
difference between the April and September 1993 potentiometric surfaces is that the area of dry 
alluvium areas are larger in September because the ground water typically are about 3 to 5 feet 
lower in the fall. 

Both figures (Figures II.3.3-49 and 11.3.3-50) show a similar configuration to the 
potentiometric surface. OU4 is situated on the crest of a ground water divide that directs ground 
water flow to the north, east, and south. Ground water flow generally north-northeast toward 
North Walnut Creek, and east toward the confluence of North and South Walnut Creeks. During 
high water levels in the spring, ground water elevations range from about 5965 ft msl beneath 
the SEPS to about 5837 ft msl along the lower reaches of North Walnut Creek. Similar ranges 
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in ground water level elevations are present during September (Figure II.3.3-50), but the 
elevations average about 3 to 5 feet less. 0 

The April and September 1993 potentiometric maps are consistent in water level elevation 
with the 1992 RCRA alluvium water level maps (DOE, 1992) for the second and third quarters. 
However, the primary difference between these maps and the RCRA maps occurs in the 
interpretation of the dry alluvium areas and the areas of channelized alluvium ground water flow. 

II.3.3.5.6 Water Table Fluctuations Adjacent to the SEPs 

To estimate water table fluctuations adjacent to the SEPs a comparison of the historical 
alluvium maximum and minimum water level elevations was conducted. Figure II.3.3-48 shows 
the results of these comparisons. Generally, most of the wells and piezometers adjacent to the 
SWs have only been monitored since 1989; thus the fluctuations do not represent the extremes 
that may have O C C U K ~  during the operational life of the SEPs. 

As Figure II.3.3-48 depicts, in the area adjacent to the SEPs, an approximate 6-foot 
water level fluctuation in the alluvium water table is common, with a maximum fluctuation of 
approximately 9 feet. These larger fluctuations may not be representative of fluctuations that 
might occur under the SEPs, but are localized anomalies outside of the SEP areas. The least 
amount of alluvium water table fluctuation is at the southern ends of SEPs 207-A and 207-B 
South, where less than 3 feet of fluctuation is common. In this area, the maximum fluctuation 
is 4.2 feet and it occurs at monitoring well 3787 on the eastern berm of SEP 207-B South. 

SEP 207-A 

Surrounding SEP 207-A piezometers 41693, 42993, 43893, and 43993, have alluvium 
water level fluctuations of 0.4, 1.9, 1.4 and 1.4 feet, respectively. Piezometer 41693 is 100 feet 
south of the northeastern corner, 42993 is on the western side, 43893 is adjacent to the 
southwestem corner, and 43993 is adjacent to the southeastern corner of SEP 207-A. 
Combining these fluctuation values with nearby historical fluctuations generates a decreasing 
trend surface toward the center of SEP 207-A because of the lack of well control in this area. 
Although depicted as a null fluctuation area in the center of SEP 207-A, this area may fluctuate 
by 2-to-3 feet as does monitoring well 2686 on the southeastern corner of SEP 207-A. At the 
southern end of SEP 207-A at piezometer 43893, the maximum alluvium ground water elevation 
is also projected to be within 4 feet of the base of the SEP liner. 

SEPs 207-B North, Center, and South 

Minimum depths to the water table beneath the SEPs were estimated and the results are 
listed in Table II.3.3-22. Minimum Upper HSU water table depth occurs beneath the 
southwestern comer of SEP 207-B South where the ground water table is at the base of the SEP 

0 (mm2437/20.WFF 
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TABLE II.3.3-22 

ESTIMATED MINIMUM DEPTHS TO ALLUVIUM WATER TABLE 
SPRING, 1993 

POND LOCATION DEPTH (FT) 

207-C 
207-C 
207-C 
207-A 
207-A 
207-A 

207-B NORTH 
207-B CENTER 
207-B SOUTH 
207-B SOUTH 

SOUTHWEST CORNER 
CENTER 
NORTH 

NORTH END 
CENTER 

SOUTH END 
CENTER 
CENTER 

NORTHERN EDGE 
SOUTHWEST CORNER 

< 10 
10 - 15 
15 - 20 

10 
= 5  
= 5  
< 10 
= 5  
< 5  
0 

II.3-190 



liner, while at the southern end of SEP 207-B South at monitoring well 3887, the maximum 
alluvium ground water elevation is 0.7 feet higher than the base of the SEP liner. Water levels 
beneath SEPs 207-B Center and North are about 5 feet below the base of the liner. 

0 
SEP 207-C 

The maximum Upper HSU water table depth occurs beneath the northern portion of SEP 
207-C where the water table is as much as 20 feet, or more, below the bottom of the SEP. 
South of SEP 207-C historical alluvium fluctuations of 5.8 feet are found in monitoring location 
2286. This value is similar to Arapahoe Sandstone water level fluctuations found in monitoring 
locations 41993 and 42393 on the western side of SEP 207-A. Limited well control around SEP 
207-C limits the accuracy of the water depth prediction in the area. 

Beneath the northern portion of SEP 207-C, The Arapahoe Sandstone subcrops beneath 
the northern portion of SEP 207-C and effectively desaturates the RFA. Piezometers 41993 and 
42393 on the western side of SEP 207-C confirm that the water table occurs within the sandstone 
at a maximum elevation of approximately 5,972 ft msl or a projected depth of about 6 feet 
beneath the pond liner. South of SEP 207-C, at monitoring well 2286, the maximum alluvium 
water table elevation is projected to be within 4 feet of the base of the pond liner. 

Effect of Draining SEP 207-A 

An evaluation of the historical alluvium and bedrock hydrographs was conducted to deter- 
mine if alluvium water levels have been affected by the draining of SEP 207-A in 1992, or if 
the fluctuations were typical for the site. The closest wells with historical alluvium water level 
data to SEP 207-A were evaluated. The hydrograph for alluvium monitoring well 2686, located 
near the southeastern corner of SEP 207-A, shows no effects of SEP 207-A being drained. 
Although its maximum ground water elevation in 1993 was less than in 1992, it is still higher 
than in previous years 1988, 1989, and 1991. The minimum ground water elevation value for 
the winter of 1992-1993 is similar to the elevation observed during the 1990-1991 winter. 
Alluvium monitoring well 3887, situated south of SEP 207-B South, also shows no effects from 
the draining of SEP 207-A. The closest wells with historical bedrock water level data to SEP 
207-A were evaluated. The hydrographs for bedrock monitoring wells P208989, P209889, and 
3086, located near the northeastern corner of SEP 207-A, shows an additional one-half foot 
lower water elevation since SEP 207-A was drained. Monitoring well P208889, located near 
the northeastern comer of SEP 207-B North, also shows about one-half foot lower water 
elevation. These downgradient wells may be reflecting the effects of draining SEP 207-A. 
Water table fluctuations from upgradient bedrock monitoring wells P210189, P209189, and 
P209389 are all within their historical variations. 

8 

II.3.3.5.7 Vadose Zone Thickness 

To understand the range of vadose zone thickness across the OU4 site, the minimum 
thickness of the vadose zone at OU4 was estimated by subtracting the maximum Upper HSU 
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potentiometric map from the 1986 topographic map (Figure II.3.3-51). Similarly, the maximum 
vadose mne thickness was estimated by subtracting the minimum Upper HSU potentiometrk 
surface from the 1986 topographic map (Figure II.3.3-52). Both vadose mne isopach maps 
(Figures II.3.3-51 and II.3.3-52) identified areas that are characterized by very thin vadose zones 
around the SEPs and thicker areas within the North Walnut Creek drainage. 

0 

Figure II.3.3-51 depicts the minimum thickness of the vadose zone. During maximum 
Upper HSU water table conditions, vadose zone thickness ranges from.approximate1y zero, at 
seep locations and beneath the southwestern corner of SEP 207-B South, to greater than 20 feet. 
Potential seeps'occur north of SEP 207-A and 207-C, 207-B North, east of SEP 207-B Center 
and along portions of North Walnut Creek. Thick vadose zone areas occur at the northern 
edge of SEPs 207-A and 207-C, and approximately 500 feet north of SEP 207-A. 

Figure II.3.3-52 depicts the maximum vadose zone thickness during low water table in 
the Upper HSU. Vadose zone thickness ranges from approximately zero to greater than 25 feet 
(Figure II.3.3-52). Thin vadose zone areas and seeps occur in the vicinity of piezometer 46293, 
approximately 200 feet north of SEP 207-A, near piezometer 41993 approximately 50 feet west 
of SE9 207-C, and near monitoring well B208089 approximately 500 feet northeast of SEP 207- 
B North. Thick vadose zones areas occur at the northern edge of SEPs 207-A and 207-C, and 
approximately 500 feet north of SEP 207-A. 

lI.3.3.6 Chemical Properties of the Vadose Zone 

Chemical properties of the vadose zone were characterized to allow a determination of 
the distribution of potential contaminants in the RFA and associated soils and pore water, the 
ability of the vadose zone soils to retard contaminant movement, and to support risk assessment 
activities. The distribution of contaminants in vadose zone soils is presented in Section II.3.3.4. 
Discussion of chemical parameters, such as cation exchange capacity, and the results of pore 
water analyses are discussed below. 

0 

II.3.3.6.1 Cation Exchange Capacity (CEC) 

Cation exchange is the interchange between a cation in solution and another cation on the 
surface of any surface-active material. Cation exchange in most soils occurs on clay minerals 
and organic matter. Cation exchange capacity (CEC) is a laboratory measure of the sum total 
of exchangeable cations that a soil can adsorb. CEC is expressed in units of milliequivalents per 
100 grams of soil (meq/lOOg soil). 

Clays have a highly variable CEC, ranging from less than 10 for oxide clays to over 100 
for 2:l clays, such as montmorillonite. The amounts and kinds of cations adsorbed are 
significantly affected by cation valence and hydrated ionic radius. Cations with a greater valence 
are adsorbed more strongly than cations of a lower valence. A cation with the smallest hydrated 
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Table 11.3.3-23 

CATION EXCHANGE CAPACITY OF SELECTED MINERALS 

Mineral Cation Exchange Capacity Reference 

Kaolinite 3 -  15 1 

(meg/low 

Illite I 10 - 40 1.2 

Chlorite I 20 - 50 1 

Montmorillonite I 80 - 120 I 1.2 

Smectites . 8 0 -  150 2 

Vermiculite 120 - 200 2 

Iron Hydroxides I 10 - 25 1 

Manganese Oxides I 200 - 300 I 1 

* Forstner and Wittman (1979) 

Drever (1 982) 
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ionic radius is more strongly adsorbed. For some of the more common exchangeable cations, 
the cation replaceability series is usually AI > Ca > Mg > K > Na. Table II.3.3-23 shows 
the range of CEC values presented in the literature for selected clay and oxide minerals. 

a 
CEC was determined for 25 RFA soil and bedrock samples using EPA Method 9081A 

(EPA, 1990). Method 9081A is applicable to most soil and rock materials, including calcareous 
and nondcareous soils. In Method 9081A, a soil sample is mixed with an excess of sodium 
acetate solution, resulting in an exchange of the added sodium ions for the soil matrix cations. 
Subsequently, the Sample is washed with isopropyl alcohol. An ammonium acetate solution is 
then added, which replaces the adsorbed sodium with ammonium. The concentration of 
displaced sodium is then determined by atomic adsorption, emission spectroscopy, or an 
equivalent analytical method. 

The results of the CEC determinations are presented in Table II.3.3-24. The results are 
reported in milliequivalents sodium per 100 grams (meq Nd100g) of soil. Soils from the Rocky 
Flats Alluvium exhibit CEC values between 2 and 66 rneq NdlOog. The average CEC for these 
materials is 30 rneq NdlOog. Soils from the bedrock strata exhibit CEC values between 13 and 
51 meq NdlOOg. The average CEC for these materials is about 39 rneq NdlOOg. The lowest 
CEC values measured were from sandy soil or rock types. In a recent EPA document (EPA, 
1992), CEC ranges were quantitatively defined as follows. 

CEC Range Description 

< 12 LOW 

12 - 20 Medium 

> 20 High 

(meq/100g soil) 

Using the EPA classification presented above, the CEC of most of the soil and bedrock 
lithologies analyzed during this investigation can be categorized as high. Because of the high 
CEC, the RFA and associated soils beneath the SEPs have a high capacity to sorb and retard 
cation movement. Since the total organic carbon (TOC) content (Section II.3.3.6.3) of the RFA 
and associated soils is generally low, CEC is probably associated with the clay mineral fraction 
of the soils. A comparison of the RFA soil CEC values with those presented in Table II.3.3-23 
suggests that the predominant clay mineral in the RFA is illite. 

Figure II.3.3-53 shows CEC versus depth bgs. No apparent relationship exists between 
CEC and depth since CEC exhibits a wide range of values at shallow depths. Figure II.3.3-54 
is a graph showing the relationship between CEC and clay content. CEC appears to be directly 
related to clay content as anticipated. This figure also suggests that the clays present in the RFA 
sorb more strongly per volume percent than the clays comprising the bedrock lithologies. 
However, bedrock lithologies appear to be slightly more sorptive on average than the RFA. 
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TABLE 11.3.3-24 

RESULTS OF CEC, ELECTRICAL CONDUCTIVITY, AND TOC ANALYSES 

CEC EC TOC 
Sample Number (meq/lOOg) (mg KCI/Kg soil) (PPm) 

BH40396AE 4.5 88 210 

BH40397AE 27 360 5800 

BH40398AE 37 100 1200 

BH40401AE 41 2500 2700 

BH40402AE 51 2000 590 

BH40403AE 27 190 290 

BH40404AE 

BH40405AE 

BH40406AE 

BH40407AE 

BH40408AE 

BH40600AE 

BH4060 1 AE 

BH40602AE 

BH40603AE 

BH40604AE 

BH40605AE 

BH40606AE 

BH40607AE 

BH40608AE 

BH40609AE 

BH406 1 OAE 

BH406 1 1AE 

BH406 12AE 

BH40613AE 

38 

2.0 

37 

57 

42 

22 

66 

6.5 

46 

44 

51 

40 

30 

23 

13 

27 

63 

20 

20 

3 100 

57 

130 

250 

lo00 

280 

390 

330 

1100 

1900 

1800 

290 

210 

1800 

1900 

2200 

1200 

8600 

8300 

750 

120 

3 80 

13000 

360 

3000 

14000 

1000 

700 

2100 

2000 

5500 

3400 

5900 

330 

540 

6900 

5300 

5000 

II. 3- 1 95 



II.3.3.6.2 Soil Electrical Conductivity 

Soil electrical conductivity (EC) is a measure of the total saltlsolute content of a soil 
a 

sample. EC is the ratio of the electrical current density to the electrical field in the soil and is 
expressed as milligrams of potassium chloride per kilogram of soil (mg KCVkg soil). Soil EC, 
total ionic concentration, and osmotic pressure are positively correlated and can be related to 
important effects on soil properties. 

EC has been quantitatively characterized by the EPA (1992) as follows: 

Electrical Conductivity Description 
(percent total salt content) 

< 0.1 % Nonsaline 

0.1% - 0.15 % 

0.15 % - 0.35 % 

0.35 % - 0.70 % 

Slightly Saline 

Moderately Saline 

Very Saline 

> 0.70 % Extremely Saline 
Electrical conductivity (EC) was determined for the 25 soil and bedrock samples selected 

for chemical properties analysis. EC was determined using a 1: 1 soil/water extract as presented 
in Rhoades (1986). The results of the EC determinations are presented in Table II.3.3-23. Soils 
from the RFA exhibit EC values between 57 and 8600 mg KCl/kg soil (0.01 % and 0.86% total 
salt as KCl). The average EC for these materials is 1559 mg KCUkg soil (0.16% total salt as 
KCl). EC values in this range are representative of nonsaline to extremely saline soils (EPA, 
1992). Average EC value for RFA and associated soils are representative of moderately saline 
conditions at OU4. 

e 
Soils from the bedrock strata exhibit EC values between 130 and 3100 mg KCVkg soil 

(0.01% and 0.31% total salt as KCl). The average EC for these materials is about 1681 mg 
KCVkg soil (0.17% total salt as KC1). EC values in this range are representative of nonsaline 
to moderately saline soils (EPA, 1992). Average EC value for RFA and associated soils are 
representative of moderately saline conditions. Figure II.3.3-55, a graph of EC versus depth 
bgs, suggests that EC does not vary with depth, but does indicate that bedrock lithologies 
typically have a higher salt content than the RFA. 

II.3.3.6.3 Total Organic Carbon (TOC) 

TOC is natural material of plant or animal origin that decays in the soil to form humus. 
Humus and other organic carbon materials are an important component of soils and rocks 
because of their high sorptive capacity which retards potential contaminant movement. TOC 
concentrations are characterized by the EPA (1992) as follows: 
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Total Organic Content Description 
(percent) 

< 2 %  sparse 
2 % - 4 %  Moderate 

> 4 %  Abundant 

Total organic carbon (TOC) was determined for the 25 soil and bedrock samples selected 
for chemical properties analysis. The results of the TOC analyses are presented in Table II.3.3- 
24. TOC was determined using ASTM Method D2579-85. The results are reported as percent 
TOC. Soils from the Rocky Flats Alluvium exhibit TOC values between 0.01 and 1.40 percent. 
The average TOC for these materials is 0.46 percent. Soils fiom the bedrock strata exhibit TOC 
values between 0.03 and 0.21 percent. The average TOC for these materials is about 0.09 
percent. RFA and associated soils typically have higher concentrations of TOC than bedrock 
lithologies, however, both units are classified as having sparse TOC concentrations according 
the EPA classification presented above. 

Figures II.3.3-56 through II.3.3-58 show the relationship between TOC and depth, clay 
content, and CEC, respectively. No apparent relationship exists between TOC and depth bgs. 
However, these figures indicate that TOC concentrations in the RFA is greater than bedrock 
lithologies. TOC concentrations do not vary with clay content in the RFA. A correlation 
between clay content and TOC content may be present for bedrock lithologies. This correlation 
may be expected since higher clay contents in the Arapahoe Formation indicates deposition in 
a quiet environment where organic carbon could accumulate more readily. The Arapahoe 
Formation is known to contain small coal seams. 

@ 

Figure II.3.3-58 suggests that CEC and TOC are directly related since an increase in 
TOC concentration for both the RFA and bedrock lithologies results in a higher CEC. This 
relationship is expected since the total CEC of soils is related to sorption on mineral species as 
well as organic carbon. 

IX.3.3.6.4 Soil Gas Survey 

A soil gas survey was primarily conducted in the vicinity of SEP 207-C to determine if 
volatile organic constituents are present in the subsurface. The results of the soil gas survey are 
presented in Table II.3.3-25. Figure II.3.3-59 shows the location of the soil gas sampling 
locations. Results of the survey included detection of carbon tetrachloride at four locations, 
trichloroethene (TCE) at one location, and perchloroethene (PCE) at one location. The 
concentrations of TCE and PCE detected were less than one microgram per liter (pg/L). Carbon 
tetrachloride was detected at concentrations up to 2.4 pg/L. The locations where these 
compounds were detected generally overlie an area where these constituents have been detected 
in ground water. The VOCs detected do not appear to be sourced from the SEPs, since VOCs 
generally were not detected in the vadose zone soil laboratory analyses. 
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II.3.3.6.5 Pore Water Analyses 

Pore waters were collected from single and dual lysimeters installed in the vadose zone a 
at 15 locations in OU4. The locations of the lysimeters-are shown on Figure II.3.3-60. The 
suite of parameters analyzed during each sampling round varied depending upon the quantity of 
pore water obtained during sampling. Analysis of constituents was prioritized according to the 
priority analyte list presented in TM1, and listed in Table II.3.3-26. 

Summaries of the results of pore water field analyses are presented in Table II.3.3-27. 
Results the chemical parameter classes are presented in Tables 3.3-28 through 3.3-32. Pore 
water results for some of the PCOCs and other parameters are shown on Figures II.3.3-61 
through II.3.3-71. The constituent maps presented in these figures and in the following 
discussion include both PCOCs and other constituents. The data are summarized on these 
figures using the concentration mean and range detected during the six-month lysimeter sampling 
program. The data discussions presented below included only validated results. The complete 
suite of lysimeter pore water analytical results is presented in Appendix II.V. 

Pore water samples from some of the lysimeters were not obtained because the location 
was dry or because the lysimeter was damaged. Pore water samples were never obtained from 
locations 40293 and 40593. The lower lysimeter at location 44093 was apparently damaged 
during installation and was not sampled. The lower lysimeter at location 40993 appears to be 
completed in the saturated zone and the pore water samples obtained represent a measure of - - - 

ground water quality at that location. 

Numerous chemical constituents were detected in the pore water samples. However, the 
following discussion is limited to the vadose zone soil PCOCs that were found in the pore water 
samples. Since regulatory standards are not available for pore waters, the pore water constituent 
concentrations were compared with the background Rocky Flats Alluvium ground water quality 
data established for RFP. The pore water data were compared to the 99 percent UTL 
established in the Background Geochemical Characterization Report (EG&G, 1993). Figures 
II.3.3-61 through II.3.3-71 show the mean and range of concentrations of the PCOC 
constituents. The figure also indicates the number of samples used to calculate the mean and 
the number of samples comprising the range. The mean is calculated using only concentrations 
above the detection limit. 

Barium 

Barium was detected in both the upper and lower lysimeter pore water samples. Barium 
was also detected in the laboratory method blank and may reflect laboratory contamination. 
Barium concentrations in the upper lysimeter pore waters ranged between not detected and 1,470 
pg/L. Concentrations of barium in the lower lysimeter pore waters ranged between not detected 
and 976 pg/L. The highest concentration of barium was detected in the upper lysimeter at 
location 43693 and in the lower lysimeter at location 43193. Pore waters from the upper 
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TABLE II.3.3-26 

PRIORITY LIST OF PORE WATER ANALYTES 
Presented in Technical Memorandum 1 

Nitrate/Nitrite as N 
Specific Conductance 

TCL Volatile Organics 
PH 

TAL Metals 
Uranium-233/234,235,236, and 238 

Americium-241 
Cesium- 1 37 
Strontium-90 

Gross AlpWBeta 
TEitiUIIl 

TCL Semivolatile Organics 
Major Inorganic Cations and Anions 

Pesticides 

PI~t0niUm-239/240 

e 
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lysimeters at 40993, 43193, and 43693 exceeded the 99 percent UTL of 208 pg/L for 
background RFA ground water. Pore water samples from the lower lysimeters at 40993 and 
43 193 exceeded the 99 percent UTL of 208 pg/L. Pore water from the lower lysimeter at 40993 
probably represents ground water quality since the lysimeter appears to be installed in the 
saturated zone. Figure II.3.3-61 shows the mean and range of barium concentrations in vadose 
zone pore waters. 

@ 

Cadmium 

The distribution of cadmium in vadose zone pore waters is limited. Cadmium was only 
detected in the upper lysimeter at location 41593 and in the lower lysimeter at location 43193. 
Cadmium concentrations in the upper lysimeters ranged between not detected and 53.9 pg/L. 
Cadmium in the lower lysimeters ranged between not detected and 23.6 pg/L. Cadmium was 
detected in the upper lysimeter at location 41593 (beneath SEP 207-A) at a concentration of 54 
pg/L. Cadmium was detected in the lower lysimeter at location 43193 at a concentration of 6 
pg/L. A 99.percent UTL has not been developed for cadmium in RFA ground water. Figure 
II.3.3-62 shows the mean and range of cadmium concentrations in vadose zone pore waters. 

Lithium 

Lithium is found in both the upper and lower lysimeters; however, its distribution is 
limited to lysimeters located beneath SEP 207-A. Lithium was also found in the laboratory 
method blank and may result from laboratory contamination. Lithium concentrations in the 
upper lysimeters ranged between not detected and 2,710 pg/L. The highest lithium 
concentrations in the upper lysimeters were observed at locations 41593, 43193, and 43693 
which are located beneath SEP 207-A. Lithium concentrations in the lower lysimeters ranged 
between not detected and 990 pg/L. The highest concentrations were observed in lower 
lysimeters 42493 and 43193. These lysimeters are also located beneath SEP 207-A. None of 
pore waters exceeded the 99 percent UTL of 76 pg/L for background RFA ground water. 
Figure II.3.3-63 shows the mean and range of lithium concentrations in vadose zone pore waters. 

@ 

Zinc is found in both the upper and lower lysimeters at locations generally beneath SEP 
207-A. Zinc concentrations in the upper lysimeters ranged between not detected and 106 pg/L. 
The highest zinc concentrations in the upper lysimeters occurred at locations 41593,43693, and 
43793. The locations are either under or adjacent to SEP 207-A. Zinc concentrations in the 
lower lysimeters ranged between not detected and 5 1.3 pg/L. The highest zinc concentrations 
in the lower lysimeters occurred at locations 40993,43193, and 43793. Lower lysimeter 40993 
appears to be installed in the saturated zone and the pore water quality probably is representative 
of ground water quality. None of the zinc concentrations exceeded the 99 percent UTL of 245 
pg/L for background RFA ground water. Figure II.3.3-64 shows the mean and range of lithium 
concentrations in vadose zone pore waters. 
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Nitraternitrite 

Nitratelnitrite is probably the most widely distributed contaminant in the vadose zone at 
OU4. Samples of pore water were most frequently analyzed for nitratelnitrite during the 
sampling events since it was selected as the fvst priority analyte. Nitratehitrite was analyzed 
for as many as five sampling events at some locations. Figure II.3.3-65 shows both the mean 
and range of nitratelnitrite concentrations detected at each lysimeter location. In general, 
nitratelnitrite concentrations are highest for pore waters from both the upper and lower lysimeter 
locations adjacent to or beneath the SEPs. 

The maximum concentration of nitratehitrite detected in pore water from the upper 
lysimeter locations was. at location 43693. The maximum concentration detected at that location 
was 4,880 milligrams per liter (mg/L or parts per million [ppm]) and averaged 3,317 mg/L. 
Similar concentrations also were detected at upper lysimeter locations 40993 and 41593. 
Lysimeters 41593 and 43693 are completed beneath SEP 207-A. Upper lysimeter 40993 is 
completed adjacent to the berm on the northern side of SEP 207-C. 

Nitratelnitrite concentrations in lower lysimeter pore waters are highest at location 43 193 
where concentrations range up to 1,310 mg/L and average 992 mg/L. Lower lysimeter 40993 
has an average nitratelnitrite concentration of 12,770 mg/L, and ranges between not detected and 
17,600 mg/L. As mentioned above, this lysimeter is completed in the saturated zone and the 
sample probably is a measure of ground water quality. 

Many of the upper and lower lysimeters exceeded the 99 percent UTL of 3.2 mg/L for 
background RFA ground water. Concentrations exceeding the 99 percent UTL for nitratelnitrite 
were anticipated for the pore waters because of the high solubility of these compounds. 
Concentrations of nitrate/nitrite in vadose zone soils and pore waters are similar, which suggests 
that the nitratelnitrite is primarily contained in the soil moisture. 

' 
Gross Aloha 

Gross alpha was detected at seven of the lysimeter locations. Gross alpha activities in 
the upper lysimeter pore waters ranged between 3.6 and 3,329 picocuries per liter @Ci/L). 
Upper lysimeter 43693 exhibited the highest gross alpha activity of 3,329 pCi/L. The gross 
alpha activity in pore waters from five of the upper lysimeters (40993,41593,43193,43693 and 
43793) exceeded the 99 percent UTL of 13.3 for background RFA ground water. All of these 
lysimeters are located beneath or adjacent to the SEPs. 

Gross alpha activity in pore waters from the lower lysimeters ranged between not 
detected and 6300 pCi/L. Lower lysimeter 40993 exhibited the highest gross alpha activity of 
6,300 pCi/L. Pore water from this location probably represents a measure of ground water 
quality. Gross alpha activity in pore water from the lower lysimeters at 40993, 42493 and 
43193 exceeded the 99 percent UTL of 13.3 pCi/L for background RFA ground water. 
Lysimeter 40993 is located north of SEP 207-C and lysimeters 42493 and 43193 are located 
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beneath SEP 207-A. Figure II.3.3-66 shows the mean and range of gross'alpha activities in 0 vadose zone pore waters. 

Gross Beta 

Gross beta activity was detected at nine of the lysimeter locations. Gross beta activities 
in upper lysimeter pore waters ranged between not detected and 1925 pCi/L. Upper lysimeter 
43693 exhibited the highest gross beta activity of 1,925 pCi/L. Gross beta activity in pore water 
from upper lysimeters at 40993, 41293, 41593, 43193, 43693 and 43793 exceeded the 99 
percent UTL of 15.5 pCi/L for background RFA ground water. Th- lysimeters are located 
adjacent to or beneath the SEPs. 

Gross beta activity in pore waters from the lower lysimeters ranged between about 8 and 
5,400 pCi/L. Lower lysimeter 40993 exhibited the highest gross beta activity of 5,400 pCi/L. 
Pore water from this location probably represents ground water quality. Gross beta activity in 
pore water from lower lysimeters at 40993, 42493,43193 and 43793 exceeded the 99 percent 
UTL of 15.5 pCi/L for background RFA ground water. Lysimeter 40993 is located north of 
SEP 207-C; the other lysimeters are located beneath SEP 207-A. Figure II.3.3-67 shows the 
mean and range of gross beta activities in vadose zone pore waters. 

Tritium 

Tritium was detected at three of the lysimeter locations (40993, 43193, and 43793). 
Tritium activity in the upper lysimeter pore waters ranged between not detected and 6,318 
pCi/L. Tritium activities generally are highest for pore waters from upper lysimeter locations. 
Upper lysimeters 40993, 41593, and 43693 exhibited tritium activities of 2,000, 2,163, and 
6,318 pCi/L, respectively. Tritium activity in pore water from upper lysimeters at 40993, 
41293, 41593, 43193, 43693, and 43793 exceeded the 99 percent UTL of 1,387 pCi/L for 
background RFA ground water. 

@ 

Tritium was detected in pore water at lower lysimeters 40993,43193, and 43793. The 
range of tritium activity is between not detected and 5,600 pCi/l. Lower lysimeter 43193 
exhibits the highest tritium activity of 5,600 pCi/L. Tritium activity in pore water from lower 
lysimeters at 40993, 42493, 43193, and 43793 exceed the 99 percent UTL of 1,387 pCUL for 
background RFA ground water. Lysimeter 40993 is located north of SEP 207-C; the other 
lysimeters are located beneath SEP 207-A. Figure II.3.3-68 shows the mean and range of 
tritium activities in vadose zone pore waters. 

Uranium-233/234 

Uranium-233/234 was detected at both the upper and lower lysimeters. Uranium-233/234 
was also detected in the laboratory method blank. Elevated uranium-233/234 activities generally 
occurred beneath or adjacent to the SEPs. Uranium-233/234 activities in the upper lysimeters 
ranged between 0.11 and 733 pCi/L. The highest activity occurred in pore water from lysimeter 



43693. Uranium-233/234 activity in pore water from upper lysimeters at 41593,42893,43193, 
43693, 43793, and 44393 exceeded the 99 percent UTL of 2.83 pCi/L for background RFA 
ground water. e 

Uranium-233/234 activities in the lower lysimeters ranged between 0.48 and 3,400 
pCi/L. The highest activity 3,400 pCi/L occurred at location 40993. Pore water from the lower 
lysimeter at 40993 may represent ground water quality at that location. Uranium-233/234 
activity in pore water from lower lysimeters at 40993, 42493, and 43193 exceeded the 99 
percent UTL of 2.6 pCi/L for background RFA ground water.Figure II.3.3-69 shows the mean 
and range of uranium-233/234 activities in vadose zone pore waters. 

Uranium-235 

Uranium-235 was detected in pore water fiom both the upper and lower lysimeters. 
Uranium-235 was also detected in the laboratory method blank. Uranium-235 activities in pore 
water from ‘the upper lysimeters ranged between not detected and 47 pCi/L. The highest 
uranium-235 activity occurred at upper lysimeter 43693 which is situated beneath SEP 207-A. 
Uranium-235 activity in pore water from upper lysimeters at 41593 and 43693 exceed the 99 
percent UTL of 2.83 pCi/L for background M A  ground water. 

Uranium-235 activities in pore water from the lower lysimeters ranged between 0.13 and 
120 pCi/l. The highest activity occurred at location 40993 which is a lysimeter completed in 
the saturated zone. Lysimeter 40993 is located north of SEP 207-C. Pore water from this 
location probably is a measure of ground water quality. Uranium-235 activity in pore water 
from lower lysimeters at 40993,42493, and 43193 exceeded the 99 percent UTL of 1.05 pCi/L 
for background RFA ground water. Figure II.3.3-70 shows the mean and range of uranium-235 
activities in vadose zone pore waters. 

@ 

Uranium-238 

Uranium-238 was detected in pore water from both the upper and lower lysimeters. 
Uranium-238 was also detected in the laboratory method blank. Uranium-238 activities in pore 
water from the upper lysimeter locations ranged between 0.075 and 671 pCi/L. The highest 
activity occurred at locations 41593 and 43693. Both of these lysimeters are completed beneath 
SEP 207-A. Uranium-238 activity in pore water from upper lysimeters at 41593,42893,43193, 
43693, and 43793 exceeded the 99 percent UTL of 2.83 pCi/L for background RFA ground 
water. 

Uranium-238 activities in pore water fiom the lower lysimeters ranged between 0.57 and 
3,700 pCi/L. The highest activity occurred at locations 40993, 42493, and 43193. Lysimeter 
40993 is located north of SEP 207-C and is completed in the saturated zone. Lysimeters 42493 
and 43693 are located beneath SEP 207-A. Uranium-238 activity in pore water from lower 
lysimeters at 40993, 42493, and 43193 exceeded the 99 percent UTL of 2.83 pCi/L for 



background RFA ground water. Figure II.3.3-71 shows the mean and range of uranium-238 
activities in vadose zone pore waters. @ 
II.3.3.6.6 Column Leaching Tests 

In order to assess contaminant partitioning between soil and water under controlled, 
laboratory conditions, column leaching tests were conducted using contaminated soils from OU4 
to assess the mobility of nitrate, and to estimate the relative volume of infiltrating water required 
to flush this relatively mobile contaminant from soils. Nine samples of surface and RFA and 
associated soils were collected from beneath SEP 207-A and from downgradient seepage areas 
for use in these column leaching tests. One additional sample of 16-40 mesh Colorado silica 
sand was used as a blank column. 

Soil samples were disaggregated and packed into PVC cylinders to enable a leaching 
solution to flow through the samples under pressure. Leachate was subsequently collected for 
analysis. Column leaching tests were conducted by Core Laboratories, Inc. of Aurora, Colorado 
based on ASTM Method D4874 - Standard Test Method for Leaching Solid Waste in a Column 
Apparatus. Leaching solutions were designed to approximate the composition of rainwater, 
thereby simulating natural infiltration conditions. Ten pore volumes were collected from seven 
of the 10 columns and analyzed. Water flow through three of the columns was limited because 
of the low soil hydraulic conductivities or possibly bacterial growth in the columns. 

Leachate was analyzed for nitrate, as well as pH, specific conductance, and major cations 
and anions. Flow rates through the columns were anticipated to be equivalent to approximately 
10 cm/day. Permeability changes in many of the columns prohibited attaining flow rates of this 
magnitude, however, resulting in lower flow rates and longer test durations than anticipated. 
As a result, testing of three of the columns was terminated prior to collection of the planned 10 
pore volumes. Test methodology, results, and conclusions are discussed in detail below. 

Column Leaching Test Method 

Nine soil samples were collected in stainless steel core sleeves from the OU4 area for 
use in the column leaching tests. A description of the samples collected is provided in Table 
II.3.3-33. Six samples were collected from borings penetrating the vadose zone beneath SEP 
207-A. Three samples were collected from seepage areas on the hillside located north of SEP 
207-A. One sample of 16-40 mesh Colorado silica sand, routinely used at RFP as sand filter 
pack in monitoring well and piezometer installations, was submitted for construction of a blank 
column. 

Column leaching tests were conducted in accordance with ASTM Method D4874 - 
Standard Test Method for Leaching Solid Waste in a Column Apparatus. Columns were 
constructed using 6-inch lengths of 1-inch or 2-inch diameter clear Schedule 40 PVC tubing and 
end slip caps. One-inch diameter tubing was used for columns 5, 6, 7, and 8 where poor 
recovery or the presence of large pebbles precluded availability of sufficient granular material 
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to completely fill a 2-inch column. Flow distribution disks and end support plates were 
constructed of open cell polyethylene. All construction materials were decontaminated prior to 
use by washing with laboratory detergent and triple-rinsing with,deionized water. 

0 . 

Samples were removed from the core sleeves and gently disaggregated, minimizing 
drying of the mil. Large pebbles were removed from the samples. An aliquot of the soil was 
retained for determination of specific gravity, moisture content, and nitrate concentration. 
Sample mass required to pack each column to the field bulk density was determined, so that the 
bulk density of sample in the packed column would be equivalent to the bulk density of the 
sample core. The columns were packed with sample in five layers using a non-metallic tamping 
tool, and each layer was scored prior to adding the next lift. 

The columns were saturated in a backflow mode using argon-pressurized distilled water. 
Pore volumes calculated from sample specific gravity and column volume were verified by 
monitoring the volume of fluid required to saturate the sample. The rate of saturation was 
visually moriitored, and attempts were made to adjust flow to achieve a linear flow rate of 
approximately 10 cm/day. For the &inch columns, saturation would ideally have been achieved 
over a period of 36 hours. Subsequently, one pore volume could then be collected every 36 
hours. This flow rate was only achieved in columns 1, 7, 8, and 10. The permeability in the 
remaining columns was insufficient to attain the desired flow rate under fluid pressures of 4 to 
8 atmospheres. Flow rates achieved in each column, and corresponding test durations, are 
presented in Table II.3.3-33. 

Analysis of the distilled water leach fluid indicated a pH of 5.67, with undetectable 
nitrate and specific conductance. The first pore volume collected from each column was 
analyzed for major cations, major anions, nitrate, pH, and specific conductance. Subsequent 
pore volumes 2, 3, 5, and 10 were analyzed for nitrate, pH, and specific conductance. Pore 
volumes 4, 6, 7, 8, and 9 were collected and retained for possible later testing. After 
termination of the leaching portion of the study, the leached mils were removed from their 
columns and analyzed for nitrate. 

Results 

Results of the column leaching tests are presented in Appendix II.W, and summarized 
in Tables 3.3-34 through 3.3-37. Flow through columns 5 and 9, described as greenish-gray 
clayey sandstone and green-gray claystone, respectively, decreased dramatically following 
saturation, and only one complete leachate pore volume was collected from each column during 
the 16-week test duration. Soil in columns 1 and 3, which was collected from the seepage area 
on the slope north of SEP 207-A, initially contained less than 10 mg/kg nitrate. These low 
initial nitrate concentrations were insufficient for determination of a distinct leaching profile for 
these columns. Similarly, column 10, the blank prepared with Colorado silica sand, contained 
low to nondetected nitrate concentrations in both soil and leachate. 
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TABLE 11.3.3-33 

SOILS SELECTED FOR COLUMN LEACHING TESTS 

Sample 
Number 

SS40101AE 

SS40102AE 

SS40103AE 

Location 

SS404193 

Depth 
(feet) 

0 - 0.75 

0 - 0.75 

0 - 0.75 

2 1 SS404293 

4 

5 

6 

7 

3 1 ss404393 

42193 

42193 

42593 

42593 

BH40456AE 

BH40455AE 

BH40458AE 

BH40459AE 

43393 --t 43393 

4.0 

7.4 - 7.6 

3.0 - 3.6 

6.6 - 7.6 

10 I Sandpack 

BH40550AE 

BH4055 1AE 

I 
I I NA 

soil 
Description 

no log- nearby BH41193 is silty 
sandy gravel with clay 

no log- nearby BH41193 is silty 
sandy gravel with clay 

log- nearby BH46293 is organic 
silt with gravel 

dry, red clayey gravel, some 
quartzite, some lithic fragments 

clayey sandstone, greenish gray, 

tan sandy, clayey gravel, dry, 
abundant quartzite 

. dry 

greenish white sandy clayey gravel, 
dry, abundant quartzite 

greenish white, dry, clayey gravel, 
some sand 

green-gray claystone, dry, some 
small hematite nodules 

Colorado Silica sand - 1640 mesh 
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Table 3.3-37 

PORE VOLUMES REQUIRED TO DECREASE NO, 
CONCENTRATIONS IN LEACHATE 



Eight to 10 pore volumes were collected from columns 2, 4, 6, 7, and 8. These five 
columns contained detectable nitrate concentrations in the initial soil and in the leachate. 
Nitrate, pH, and specific conductance results are summarized in Table II.3.3-35, and presented 
in Figures II. 3.3-72 through II. 3.3-75. Nitrate concentration and specific conductance decrease 
with each pore volume passed through the columns. As shown in Table II.3.3-35, leachate 
water quality in pore volume 1 ranged from a predominately calcium-sodium bicarbonate type 
for low nitrate soils and low dissolved solids leachate to a sodium nitrate-type water for high 
nitrate soils and higher dissolved solids leachate. These differences reflect the impact of SEP 
waters on the vadose zone soils. 

0 

Both the initial leachate concentration and the number of pore volumes required to 
decrease leachate concentrations below specific concentration thresholds appear to be directly 
related to the initial nitrate concentration in soil, as shown in Figure II.3.3-72 and Table II.3.3- 
37. A similar trend is evident in the specific conductance results, as shown in Figure II.3.3-73. 
The correspondence between these two parameters suggests that specific conductance may be 
controlled primarily by nitrate concentration. Figure II.3.3-74 demonstrates, however, that this 
correlation is only evident for specific conductance above 1,000 to 2,000 pmhos/cm at 25'C. 
Measurements of leachate pH increased in some columns during the duration of the test, but 
decreased in others, as shown in Figure II.3.3-75. No apparent cause for these disparate trends 
was noted. 

Final nitrate concentrations were measured in the soils following collection of leachate 
pore volume 10. The nitrate concentration was uniformly below 10 mg/kg, with most soils 
retaining less than 1 mg/kg nitrate. A nitrate mass balance was calculated to determine whether 
the nitrate collected in leachate was sufficient to explain the observed decrease in soil 
concentrations. Subtraction of final soil nitrate mass and the nitrate mass leached from the soil 
in each pore volume would be equal to the initial soil nitrate mass, assuming conservation of 
nitrate during the column test. Table II.3.3-38 presents the results of this nitrate mass balance 
calculation. Initial and final nitrate masses in each column were calculated as the product of dry 
soil weight and soil nitrate concentration, while nitrate removed with each leachate pore volume 
was calculated as the product of pore volume and leachate nitrate concentration. Nitrate 
concentrations for leachate pore volume 4, and for pore volumes 6, 7, 8, and 9, were estimated 
as the mean nitrate concentrations of pore volumes 3 and 5, and 5 and 10, respectively. 

a 

Results of the mass balance calculation indicate that 33 to 111 percent of the nitrate 
present in the initial soil was detected in the leachate and final soil analyses (Table II.3.3-37). 
Loss of nitrate is most likely the result of nitrate reduction and/or denitrification occurring under 
anaerobic conditions within the columns. Columns were pressurized using inert argon gas, 
allowing oxygen to be consumed by bacteria present in the soils. The two soils with the highest 
initial nitrate concentrations, columns 6 and 9, also experienced a rapid loss of permeability, 

a (mm2431l20.WF 
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possibly due to bacterid growth. Several soils removed from the columns were described as 
odoriferous by the analyst, verifying the presence of reducing conditions. Following 
consumption of oxygen, nitrate is reduced through bacterial activity to either ammonium ion 
m+) or nitrogen gas (Nz). 

* 
Major ion equivalent balances for pore volume 1 show a deficiency of cationic species 

in six of the seven leachates containing nitrate. The presence of ammonium, a positively 
charged ionic species which was not analyzed in leachate, is presumed to account for this 
apparent ion imbalance. For leachates where nitrate was absent, the sum of anionic species and 
cationic species measured on an equivalent basis agreed within 1 percent of each other. 

Interpretation 

The results of the column leaching tests indicate that nitrate can be readily leached from 
OU4 soils into ground water by either natural or induced infiltration provided that uniform 
intergranular. flow is established. Investigations of infiltration in the OU4 area have indicated, 
however, that recharge to the water table occurs primarily through local disturbed features and 
macropores present within the vadose zone. These mechanisms imply that infiltrating water 
contacts only a limited fraction of vadose zone soils before reaching the water table. While 
nitrate in or adjacent to these macropores and disturbed features will be leached from the soils, 
nitrate in surrounding regions not in direct contact with the infiltrating water will be retained in 
intergranular pore water and bound to the unsaturated soil by soil matric potential. "his retained 
nitrate will remain a potential source of ground water contamination, to be mobilized by surface 
disturbance and unusual precipitation or high water table conditions. 0 

~ 
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II.3.4 Subsurface Soil and Bedrock Analytical Results . 

This section presents the results of the subsurface soil and bedrock PCOC analyses from 
samples collected during the OU4 Phase I RFYRI. Section II.4, Nature and Extent of 
Contamination, provides a detailed analysis of the occurrence of these PCOCs. Table II.3.4-1 
lists the PCOCs detected in OU4. Figure II.3.4-1 is a map showing the locations of the 
boreholes from which samples were collected. Figures II.3.4-2 through II.3.4-61 show the 
analytical results of individual PCOCs by depth intervals. These figures show the analytical 
results for samples that were collected from within the 0-6 foot depth interval, the 6-12 foot 
depth interval, and a l l  results collected at depths greater than 12 feet. For those samples that 
straddled the respective intervals, the results are posted in the interval from which the majority 
of the sample was collected. Specific sample collection depth intervals are reported next to each 
result. 

For the figures pertaining to inorganic and radionuclide PCOCs, the results that are 
posted in red' exceed their respective background concentrations that were calculated as the 95 
percent upper confidence limit from background data presented in the 1993 Background 
Geochemical Characterization Report (EG&E, 1993). For the figures pertaining to the organic 
PCOCs, results that are posted in black are either non-detects or estimated results (those 
qualified with "J", meaning the concentration was estimated above the instrument detection limit 
but below the CRQL). Results in red are detections without the "J" qualifier. Appendix II.N 
provides a complete list of all subsurface soil and bedrock chemical analytical results. 

Multiple results are posted at the locations beneath the SEPs for each particular interval 
referenced in the figures because two sampling plans were followed for collecting the subsurface 
samples. The samples from beneath the SEPs were collected according to the following plan: 

Composited over 2' intervals: Radionuclides, TAL metals 
2' below ground and every other 
2', and one sample from bedrock: Volatile organics 
Composited over 4' intervals: Nitrate 
Composited over 6' intervals: Semivolatile organics, pesticides, PCBs, cyanide, 

sulfide 

Samples from the remaining boreholes outside the SEPs were composited over 6-foot 
intervals, with the exception of volatile organic compounds, which were collected at discrete 2- 
foot intervals. Since most of the boreholes were terminated at the top of bedrock, many of the 
samples collected consist of composites that were less than six feet in length. 

II.3.4.1 Non-Radiological Inorganic Potential Contaminants of Concern 

This section presents the results of the subsurface soil and bedrock analyses for the non- 
radiological inorganic PCOCs. A summary of the analytical results is presented in Table II.3.4- 
2. Although calcium, manganese, potassium, and sodium were identified statistically to be e 
O22/72%37/ 14 .WPF 
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TABLE 11.3.4-1 

POTENTIAL CONTAMINANTS OF CONCERN IN OU4 VADOSE ZONE SOILS 

NON- 
RADIOLOGXC AL 
INORGANICS 

barium 

cadmium 

calcium 

cyanide 

lithium 

manganese 

nitratehitrite 

potassium 

sodium 

sulfide 

zinc 

cesium-134 

cesium-137 

gross beta 

plutonium-239/240 

radium-226 

strontium-89/90 

tritium 

uranium-233/234 

uranium-235 

uranium-238 

acetone 

methylene chloride 

toluene 
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PCOCs; they were not mapped because they are common rock-forming elements that are 
naturally-occurring at relatively high concentrations. Section II.4, Nature and Extent of 
Contamination, provides a detailed analysis of the occurrence of these PCOCs. 

@ 
Barium 

The subsurface analytical results for barium are presented graphically on Figures II.3.4-2 
through II.3.4-4 and are listed in Table II.3.4-3. Barium was detected in all borehole samples 
analyzed (136 total), and the results ranged from 9.7 to 4,150 mg/kg. Of the 136 samples 
analyzed, 51 exceeded the background concentration of 93.9 mg/kg and are posted on the figures 
in red. The highest concentration was detected in a sample from a depth of 10 to 13 feet at 
borehole 43693 in the southern part of SEP 207-A. There does not appear to be a consistent 
pattern to the distribution of barium in the subsurface, but a general increase in concentration 
with depth proximal to the SEPs is suggested by the data. 

~ 

Cadmium 

The subsurface analytical results for cadmium are presented graphically on Figures II.3.4- 
5 through II.3.4-7 and are listed in Table II.3.4-3. Cadmium was detected in 32 of the 136 
samples analyzed (24 percent), and the detections ranged from 1.1 to 547 mg/kg. Twenty-five 
of the samples exceeded the calculated background concentration of 2.3 mg/kg and are shown 
on the figures in red. As can be seen in the figures, the locations where cadmium exceeds 
background are directly beneath the SEPs and immediately north of SEP 207-A and SEP 207-B 
North at the drainage tile outfall. No samples below 12 feet exceeded background. e 

The subsurface analytical results for cyanide are presented graphically on Figures II.3.4-8 
through II.3.4-10 and are listed in Table II.3.4-3. Cyanide was detected in 18 of 94 Samples 
analyzed (19 percent), and the detections ranged from 0.525 to 43 mg/kg. Cyanide was not 
analyzed in the background samples, and all detections are posted on the figures in red. Cyanide 
was detected primarily in the immediate vicinity of the SEPs; however, a few sporadic detections 
are observed north of the SEPs and in the buffer zone. The highest concentrations of cyanide 
occur immediately beneath the SEPs in the 0-6 foot depth interval. 

Lithium 

The subsurface analytical results for lithium are presented graphically on Figures II.3.4- 
11 through II.3.4-13 and are listed in Table II.3.4-3. Lithium was detected in nearly all of the 
samples analyzed (134 out of 136), and the detections ranged from 2.6 to 79.9 mg/kg. None 
of these detections, however, exceeded the calculated background concentration of 83.2 mg/kg. 
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TABLE 11.3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual. Valid Limit Units 
--_--I--__ _--____ _.-- - ___ -- -- --- ---- -- ----- 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 B H W O A E  
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42193 BH40426AE 
42193 BH40425AE 
42193 BH40432AE 
42193 BH40427AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40440AE 
42493 BH40445AE 
42593 BH40447AE 
42593 BH40446AE 
42593 BH40449AE 
42593 BH40448AE 
42593 BH40450AE 
42593 BH40290AE 

6 

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
0 
4 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 
0 
4 
4 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
0 
2 
4 
4 
8 
0 
0 
4 
4 
8 

10.2 

6 REAL 
8.4 REAL 

6 REAL 
12 REAL 
18 REAL 
24 REAL 

2.9 REAL 
5 REAL 
5 REAL 

11 REAL 
18 REAL 
24 REAL 
5 REAL 
5 REAL 

8.1 REAL 
13 REAL 
7 REAL 
6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 
11 REAL 
6 REAL 

12 REAL 
6 REAL 
6 DUP 
4 REAL 
2 REAL 

9.9 REAL 
6 REAL 

16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 
6.1 REAL 

11.3 REAL 
12.9 REAL 
6 REAL 

8.1 REAL 
2 REAL 
4 REAL 
4 DUP 
8 REAL 
6 REAL 

10.2 REAL 
4 REAL 
2 REAL 
8 REAL 
6 REAL 

10.2 REAL 
16.8 REAL 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40157AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40483AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40112AE BARIUM 
BH40439AE BARIUM 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

106 
180 
142 
177 
236 
38.5 B 
134 
149 
193 
109 
124 
161 
162 
130 
109 

93.3 
102 
114 
218 
34.5 B 
65.1 
104 
62 

74.9 
74.1 
130 
100 

68.8 
45.1 B 
92.3 
169 

75.5 
58.9 
68.8 
36.4 B 
54.4 
71.8 
65.9 
63.3 
34.1 B 
44.5 B 
74.7 * 
80.5 * 
81.9 * 
110 
110 
190 

523 
52.2 

38 B 
268 * 
117 * 

63.6 * 
40.3 B* 
49.4 * 
53.2 * 
46.4 
73.1 
16.9 B 

31 B 
81.6 
90.2 * 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
JA 

41 M G K G  
49 M G K G  
47 M G K G  
47 M G K G  
49 M G K G  
50 M G K G  
48 M G K G  
47 M G K G  
46 M G K G  
43 M G K G  
49 M G K G  
49 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  

43.9 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
46 M G K G  
42 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
47 M G K G  
47 M G K G  
44 M G K G  
45 M G K G  
44 M G K G  
46 M G K G  
43 M G K G  
47 M G K G  
10 M G K G  
10 M G K G  
10 MGKG 
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 MGKG 
10 MGKG. 
10 M G K G  
10 M G K G  
43 M G K G  
42 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 MGKG 
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
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TABLE 113.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANIS OF CONCERN 

Start End Lab Detect 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual. Valid Limit Units 
------- --_---_------- ------- -----I-- --I---- _-_--------- _-----I-- --- 

e 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40511AE 
43393 BH40510AE 
43393 BH40517AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH40319AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40519AE 
43693 BH40518AE 
43693 BH40521AE 
43693 BH40520AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40705AE 
46593 BH40703AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 

1 
1 
7 
0 
6 
0 
6 
0 
0 
4 
4 

7.6 
0.5 
0.5 
5.3 
1 

' 0  
0 
4 
4 
8 

10 
10 
0 
6 

. o  
6 
0 
0 
6 
0 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
0 

6.2 
0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 
0 

0.75 
2.75 
4.75 
4.75 
8.75 
10.7 
0.5 

2.25 
4.6 
6.6 
8.6 
0.5 

6 REAL 
6 DUP 
10 REAL 
5 REAL 

11 REAL 
6 REAL 
10 REAL 
4 REAL 
2 REAL 

7.6 REAL 
5.4 REAL 

126 REAL 
5.3 REAL 
5.3 DUP 

11.3 REAL 
6 REAL 
4 REAL 
2 REAL 
8 REAL 
6 REAL 

10 REAL 
13 REAL 
13 DUP 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 

12 REAL 
29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
6.2 REAL 

11.4 REAL 
2.5 REAL 
5 REAL 

12.2 REAL 
6 REAL 
4 REAL 
6 REAL 

8.7 REAL 
22 REAL 
6 REAL 
6 DUP 

2.75 REAL 
4.75 REAL 
8.75 REAL 
6.75 REAL 
10.7 REAL 
16.4 REAL 
2.25 REAL 
4.25 REAL 
6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 

BARIUM 
BH40141AE BARIUM 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40319AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40563AE BARIUM 
BH40525AE BARIUM 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40562AE BARIUM 
BH40385AE BARIUM 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

69.8 
99.3 
48.9 
143 

24.9 B 
105 

94.3 
23.9 B 
87.4 
240 
26.3 B 
120 
130 
120 
140 
109 

88.6 
144 * 

30.1 B* 
42.7 B* 

23 B* 
4150 * 
285 
87.7 
60.2 
129 

38.7 B 
89.3 
226 
69.6 

83 
55.1 
83.7 
85.7 
77.2 
66.6 
81.7 
90.1 

62 
49.8 
135 
147 

59.2 
98.4 

52 
77.1 
51.5 
77.3 
364 * 
121 

67.3 
31.9 B 
27.2 B 
32.4 B 
53.1 
157 
140 

41.2 B 
37.4 B 
60.3 
62.9 
80.1 * 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V '  
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 

47 M G K G  
46 M G K G  
44 M G K G  
47 M G K G  
46 M G K G  
47 M G K G  
42 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
47 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
48 M G K G  
43 M G K G  
47 M G K G  
48 M G K G  
43 M G K G  

48.3 M G K G  
428 M G K G  

10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
43 M G K G  

45.4 M G K G  
45.5 M G K G  

46 M G K G  
46 M G K G  
47 M G K G  
10 M G K G  
10 MGKG 
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
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TABLE II3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Result Qual. Valid Limit Units Location Sample No. Depth Depth QC Code QC Partner Chemical 

_-_I-------- ------_----_----- -----_- I------ -------------------- --I------ --------- --_------ 
e 

46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

40093 BH40170AE 
40093 BH40167AE 
40193 BH40495AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40400AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40793 BH40157AE 
40793 BH40414AE 
40793 BH40413AE 
40793 BH40160AE 
40893 BH40030AE 
40993 BH40416AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
41193 BH40052AE 
41193 BH40049AE 
41293 BH40196AE 
41593 BH40419AE 
41593 BH40418AE 
41593 BH40417AE 
41593 BH40424AE 
41693 BH40220AE 
41693 BH40217AE 
41793 BH40246AE 
41793 BH40243AE 
41993 BH40065AE 
41993 BH40062AE 
42093 BH40303AE 
42093 BH40483AE 
42193 BH40426AE 
42193 BH40433AE 
42193 BH40427AE 

3-4-3.wql 

2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
0 
4 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 

0.7 
4 

4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 REAL 
10.6 REAL 
125 REAL 
3.1 REAL 
3.1 DUP 
5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

6 REAL 
8.4 REAL 
2.9 REAL 
12 REAL 
18 REAL 
24 REAL 
5 REAL 
5 REAL 
5 REAL 
11 REAL 
18 REAL 
24 REAL 
5 REAL 
7 REAL 

8.1 REAL 
13 REAL 
6 REAL 
6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 

3.3 REAL 
8 REAL 
4 REAL 
6 REAL 
2 REAL 

7.9 REAL 
6 REAL 
5 REAL 

12 REAL 
6 REAL 
11 REAL 
6 REAL 

12 REAL 
4 REAL 
6 DUP 
2 REAL 

6.1 REAL 
9.9 REAL 

BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40742AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40757AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM’ 
CADMIUM 

BH40157AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40483AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

II.3-230 

112 * 
201 * 
25.5 B* 
164 * 
311 * 
120 

93.6 
114 B 

79.1 
69.4 

67 
116 
256 
29.2 B 
9.7 B 
27 B 

103 
76.6 
41.8 B 
36.3 B 

1.2 UN 
1.6 N 
1.2 u 
1.2 UN 
1.2 UN 
1.2 UN 
1.2 u 
1.1 u 
1.2 u 
1.1 u 
1.2 u 
1.2 u 
1.2 u 
1.1 u 
1.2 u 
1.2 u 
1.1 u 
1.2 u 
1.1 u 
1.1 u 
1.1 u 
1.2 u 
1.1 u 

15.5 
1.3 U 

27.6 N 
22.1 

1.2 u 
1.1 u 
3.2 N 

61.4 N 
1.1 UN 
1.1 UN 
1.1 UN 
1.2 UN 
1.1 u 
1.2 UN 

5 
2.1 
1.1 u 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
JA 
JA 
V 
JA 
V 
V 
V 
V 
V 
V 
V 

Qualifiers and validation codes are explained in Table 11.3.6-1 

40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 MGKG 
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  
40 M G K G  

200 M G K G  
200 M G K G  
200 M G K G  
200 M G K G  

1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
5 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
5 M G K G  

1.1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 MGKG 
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
5 M G K G  
1 MGKG 
5 M G K G  
5 M G K G  
5 M G K G  
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TABLE II3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual. Valid Limit Units 

42193 BH40425AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42293 BH40258AE 
42293 BH40253AE 
42293 BH40256m 
42393 BH40264AE 
42393 BH40261AE 
42493 BH40445AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40441AE 
42493 BH40112AE 
42493 BH40440AE 
42593 BH40447AE 
42593 BH40290AE 
42593 BH40448AE 
42593 BH40446AE 
42593 BH40449AE 
42593 BH40450AE 
42993 BH40144AE 
42993 BH40141AE 
42993 BH40094AE 
43193 BH40309AE 
43193 BH40306AE 
43293 BH40044AE 
43293 BH40041AE 
43393 BH40511AE 
43393 BH40324AE 
43393 BH40517AE 
43393 BH40510AE 
43393 BH40512AE 
43493 BH40319AE 
43493 BH40322AE 
43493 BH40573AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40563AE 
43693 BH40521AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40522AE 
43693 BH40525AE 
43793 BH40335AE 
43793 BH40332AE 
43893 BH40073AE 
43893 BH40070AE 
43993 BH40353AE 
44093 BH40351AE 
44093 BH40348AE 
44193 BH40089AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44393 BH40033AE 
44593 BH40005AE 
44593 BH40001AE 

4 6 R E A L  
9.9 16 REAL 
16 2 2 R E A L  
22 28.3 REAL 

28.3 31.3 REAL 
0 6 REAL 

6.1 11.3 REAL 
11.3 12.9 REAL 

0 2 R E A L  
6 8.1 REAL 
0 4 R E A L  
0 4 R E A L  
2 4 DUP 
4 6 R E A L  
4 8 R E A L  
8 10.2 REAL 

' 0 2 R E A L  
1 6 REAL 
4 8 R E A L  
4 6 R E A L  
8 10.2 REAL 

10.2 16.8 REAL 
0 5 R E A L  
1 6 DUP 
7 1 o R E A L  
0 6 R E A L  
6 1 1 R E A L  
0 4 R E A L  
6 1OREAL 
0 2 R E A L  

0.5 5.3 REAL 
4 5.4 REAL 
4 7.6 REAL 

7.6 12.6 REAL 
0.5 5.3 DUP 

1 6 REAL 
5.3 11.3 REAL 

0 2 R E A L  
0 4 R E A L  
0 6 R E A L  
4 6 R E A L  
4 8 R E A L  

10 13 REAL 
10 13 DUP 
0 6 R E A L  
6 11.5 REAL 
0 6 R E A L  
6 1 2 R E A L  
0 6 R E A L  
0 6 R E A L  
6 10.4 REAL 
0 5 R E A L  
6 1 2 R E A L  

23.4 29.4 REAL 
29.4 35.4 REAL 
35.4 41.6 REAL 
41.6 47.6 REAL 
47.6 50.2 REAL 

0 6.2 REAL 
0 2.5 REAL 

6.2 11.4 REAL 

8 . 10 REAL 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40112AE CADMIUM 
BH40439AE CADMIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40141AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40319AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40563AE CADMIUM 
BH40525AE CADMIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

1.1 u 
1.2 u 
1.3 U 
1.2 u 
1.2 u 
1.1 u 
1.2 u 
1.1 u 

362 
1.1 u 
1.1 u 

547 
340 
37.5 

1.1 u 
1.2 u 
4.7 
1.2 u 
1.1 u 
1.1 u 
1.2 u 
1.2 u 
1.2 UN 
1.2 u 
1.1 u 
1.2 u 
2.5 N 
1.1 u 
1.1 u 
3.6 
1.5 
1.1 u 
1.2 u 
1.2 u 
1.1 u 
1.2 u 
1.1 u 

48.4 
1.3 

21.7 
1.1 u 

1 u  
1 u  

1.3 
1.6 
1.2 u 

37.6 
1.2 UN 
1.1 u 
1.2 u 
1.2 u 
1.1 UN 
1.1 u 
1.1 u 
1.3 U 
1.3 U 
1.2 u 
1.2 u 
1.1 u 
1.1 u 
1.2 UN 
1.1 u 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
JA 
V 
V 
JA 
V 
V 
JA 
JA 
V 
JA 
V 
V 
V 
v 
V 
JA 
V 
JA 

5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  

1.2 M G K G  
1 M G K G  
1 M G K G  

1.1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  

1.1 M G K G  
1 M G K G  

1.1 M G K G  

II. 3-23 1 
34-3.wql Qualifiers and validation codes are explained in Table 11.3.6-1 Page 4 of 14. 



TABU II3.4-3 

44793 BH40133AE 
44893 BH40191AE 
44893 BH40188AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40382AE 
45893 BH40377AE 
45893 BH40380AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40713AE 
46593 BH40700AE 
46593 BH40705AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40711AE 
46693 BH40728AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46793 BH40823AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46893 BH40754AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46993 BH40770AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40893 BH40030AE 
40993 BH40201AE 

3-4-3.wql 

0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 

0.75 
0.5 

2.75 
4.75 
4.75 
8.75 
10.7 

4 0.5 
2.25 
4.6 
6.6 
8.6 
0.5 
2 5  
4.5 
6.5 
8.5 
8.5 
1.3 
2.5 
4.6 
6.6 
8.6 

11.5 
0.7 
1.3 
3.3 
5.5 
7.2 
2.7 
4.8 
6.8 

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
0 

5 REAL 
6 REAL 

1 2 2  REAL 
4 REAL 
6 REAL 
6 REAL 

8.7 REAL 
22 REAL 
6 DUP 

2.75 REAL 
2.25 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
2.5 REAL 

4.25 REAL 
6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 
3.1 REAL 
4.6 REAL 
6.6 REAL 
8.6 REAL 

10.6 REAL 
12.5 REAL 
2.7 REAL 
3.1 DUP 
5 REAL 
7 REAL 

13.1 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

6 REAL 
8.4 REAL 

6 REAL 
12 REAL 
18 REAL 
24 REAL 
2.9 REAL 
5 REAL 
5 REAL 

11 REAL 
18 REAL 
24 REAL 
5 REAL 
5 REAL 

8.1 REAL 
13 REAL 
7 REAL 
7 REAL 
6 REAL 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40562AE CADMIUM 
CADMIUM 
CADMIUM 

BH40385AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40742AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40757AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40157AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

II.3-232 

1.2 UN 
1.3 U 
1.2 UN 
1.1 u 
1.1 u 
1.2 u 
1.2 u 
1.2 u 
1.2 u 

63.7 
135 

0.61 U 
0.67 U 
0.66 U 
0.68 u 
0.73 U 
35.6 
5.9 
3.6 U 

0.73 u 
0.73 U 
0.71 U 
0.71 U 
1.1 B 

0.73 u 
0.68 U 
0.71 U 
0.64 u 
0.68 U 
3.3 u 

11.4 
7 

4.8 
0.7 U 

0.64 u 
1.4 

0.71 U 
0.69 U 
0.65 U 
2.3 
8.7 

0.57 U 
0.582 U 
0.544 U 
0.562 U 
0.588 U 

0.602 u 
0.605 U 
0.556 U 
0.504 U 
0.586 U 

0.626 U 
0.601 u 
0.584 U 
0.568 U 
0.52 U 
0.52 U 

2.68 

4.26 

0.708 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
JA 
JA 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 

V 

Qualifiers and validation codes are explained in Table 11.3.6-1 
/ 

1 M G K G  
5 M G K G  
1 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
5 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 MGlKG 
1 M G K G  
1 M G K G  
1 M G K G  
1 MG/KG 
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
1 M G K G  
5 M G K G  
1 M G K G  
1 M G K G  
1 MGlKG 
1 M G K G  
5 M G K G  
5 M G K G  
5 MGlKG 

0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 

0 UG/G 
0.5 UG/G 
0.5 UGIG 
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TABLE I13.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual. Valid. Limit Units 

40993 BH40UEQAE 
40993 BH4M06AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40419AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE. 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40427AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 B H W A E  
42593 BH40448AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40094AE 
42993 BH40141AE 
42993 BH40144AE 
43193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 B H W A E  
43393 BH40512AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40520AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40MOAE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40005AE 

e 

6 
10 
20 
31 . 
0 
6 
0 
4 
0 
6 
0 
6 
0 
6 
0 
0 
4 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
4 
4 
8 

10.2 
1 
1 
7 
0 
6 
0 
6 
4 

7.6 
0.5 
0.5 
5.3 
1 
4 
0 
6 
0 
6 
0 
0 
6 
0 
0 
6 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
6.2 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL 

3.3 REAL 
6 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
6 REAL 
12 REAL 
6 DUP 
6 REAL 
6 REAL 

16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
11.3 REAL 
12.9 REAL 
6 REAL 

8.1 REAL 
6 REAL 
6 REAL 

10.2 REAL 
16.8 REAL 

6 DUP 
6 R E A L  

10 REAL 
5 REAL 

11 REAL 
6 REAL 

10 REAL 
5.4 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
6 REAL 
6 REAL 

11.5 REAL. 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 
6 REAL 

12 REAL 
12 REAL 

29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
11.4 REAL 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40483AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40141AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40319AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

II.3-233 

0.546 U 
0.546 U 
0.56 U 

0.592 U 
0.562 U 
0.525 U 
0.561 U 

0.565 U 
0.577 U 
0.525 
0.525 
0.559 U 
0.567 U 
0.584 u 
0.586 U 

43 
0.589 U 
0527 u 
0.555 U 
0.575 U 

0.16 U 
0.19 U 

0.579 U 
0.551 U 
0.497 U 

16.2 

1.69 
8.49 

0.574 U 
0.565 U 
0.568 U 
0.559 U 
0.535 U 
0.599 
0.492 U 
0.595 U 

0.5 U 
0.896 
0.591 u 
0.574 U 
0.559 U 
0.553 U 
0.614 U 

1.91 
0.56 U 

0.543 U 
0.601 u 

0.5 U 
0.508 U 
0.597 U 
0.521 U 
0.536 U 
0.536 U 
0.519 U 
0.519 U 
0.533 U 
0.545 U 
0.522 U 
0.575 U 
0.535 U 
0.535 U 
0.544 U 

V 
V 
V 
V 
V 
V 

V 

v 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
JA 
v 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 

V 

V 
V 
V 
V 
V 
V 
V 

0.5 UGIG , 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G . 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UGIG 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 MGXG 
0.5 MGXG 
0.5 UG/G 
0.5 UGlG 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UGlG 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 

0 UG/G 
0.5 UG/G 

0 UG/G 
0.5 UGIG 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 

0 UG/G 
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44593 BH4ooo5AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40786AE 
46593 BH40713AE 
46693 BH40792AE 
46693 BH40728AE 
46793 BH40798AE 
46793 BH40742AE 
46893 BH40804AE 
46893 BH40807AE 
46993 BH40810AE 
46993 BH40770AE 
47093 BH40816AE 

40093 BH40170AE 
40093 BH40167AE 
40193 BH40495AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40400AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40793 BH40414AE 
40793 BH40157AE 
40793 BH40413AE 
40793 BH40160AE 
40893 BH40030AE 
40993 BH40416AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
41193 BH40052AE 
41193 BH40049AE 
41293 BH40196AE 
41593 BH40424AE 
41593 BH40417AE 
41593 BH40419AE 
41593 BH40418AE 
41693 BH40220AE 
41693 BH40217AE 
41793 BH40246AE 
41793 BH40243AE 
41993 BH40065AE 
41993 BH40062AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 

3-4-3.wql 

6.2 
0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 
0 

0.75 
10.7 
0.5 
8.6 
0.5 
8.5 
0.5 
6.5 
1.3 
7.2 
0.7 

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
0 
4 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 

11.4 REAL 
2.5 REAL 
5 REAL 

12.2 REAL 
6 REAL 
4 REAL 
6 REAL 

8.7 REAL 
22 REAL 
6 DUP 
6 REAL 

6.75 REAL 
16.4 REAL 
6.6 REAL 

14.8 REAL 
6.5 REAL 

14.7 REAL 
6.6 REAL 
11.5 REAL 
5 REAL 

13.1 REAL 
6.8 REAL 

6 REAL 
8.4 REAL 
2.9 REAL 
12 REAL 
18 REAL 
24 REAL 
5 REAL 
5 REAL 
5 REAL 
11 REAL 
18 REAL 
24 REAL 

7 REAL 
5 REAL 

8.1 REAL 
13 REAL 
6 REAL 
6 REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 

3.3 REAL 
8 REAL 
2 REAL 
6 REAL 
4 REAL 

7.9 REAL 
6 REAL 
5 REAL 

12 REAL 
6 REAL 
11 REAL 
6 REAL 

12 REAL 
2 REAL 
6 DUP 
4 REAL 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40385AE CYANIDE 
BH40562AE CYANIDE 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40157AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LlTHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40483AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

II. 3-234 

0.544 U 
0.587 U 
0.56 U 

0.565 U 
0.629 U 
0.597 u 
0.579 U 
0.593 U 
0.578 U 
1.23 
1.53 
0.54 U 
0.6 U 

6.81 
1.94 
30.7 
1.28 
2.02 
0.51 U 
0.52 U 
OS9 U 
0.53 U 

3.7 B 
5.6 B 
3.2 B 
5.4 B 
4.3 B 
5.3 B 
7.3 B 
7.8 B 

10.9 B 
6.7 B 
11 B 
6 B  

4.6 B 
6.3 B 
4.9 B 
6.9 B 
4.3 B 

13.1 B 
6.3 B 
7.7 B 
6.3 B 

10.4 B 
50.8 B 

6 B  
16.4 B 
79.9 
7.7 B 

23.5 
5.5 B 

10.3 B 
12.7 B 
2.3 U 
9.1 B 
3.2 B 
3.7 B 
8.3 B 

5.5 B 
27.2 

V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA . 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

Qualifiers and validation codes are explained in Table 11.3.6-1 

0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 
0.5 UG/G 

24 MGKG 
23 MGKG 
23 MGKG 
25 MGKG 
25 MGKG 
24 MGKG 
23 MGKG 
21 MGKG 
10 MGKG 
25 MGKG 
25 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 

21.9 MGKG 
10 MGKG 
21 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
23 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
23 MGKG 
10 MGKG 
23 MGKG 
10 MGKG 
22 MGKG 
22 MGKG 
23 MGKG 
22 MGKG 
23 MGKG 
22 MGKG 
10 MGKG 
10 MGKG 
10 MGKG -- 
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TABLE II3.4-3 

42193 BH40433AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42293 BH40258AE 
42293 B H W 3 A E  
42293 BH40256AE 
42393 BH40264AE 
42393 BH40261AE 
42493 BH40445AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40440AE 
42593 BH40447AE 
42593 BH40290AE 
42593 BH40448AE 
42593 BH40446AE 
42593 BH40449AE 
42593 BH40450AE 
42993 BH40144AE 
42993 BH40141AE 
42993 BH40094AE 
43193 BH40309AE 
43193 BH40306AE 
43293 BH40044AE 
43293 BH40041AE 
43393 BH40511AE 
43393 BH40324AE 
43393 BH40510AE 
43393 BH40512AE 
43393 BH40517AE 
43493 BH40319AE 
43493 BH40322AE 
43493 BH40573AE 
43593 BH40180AE 
43693 BH40519AE 
43693 BH40563AE 
43693 BH40518AE 
43693 BH405U1AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43793 BH40335AE 
43793 BH40332AE 
43893 BH40073AE 
43893 BH40070AE 
43993 BH40353AE 
44093 BH40351AE 
44093 BH40348AE 
44193 BH40089AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44393 BH40033AE 

3-4-3.wql 

0.7 6.1 REAL 
4 6 R E A L  
4 9.9 REAL 

9.9 16 REAL 
16 22 REAL 
22 28.3 REAL 

28.3 31.3 REAL 
0 6 R E A L  

6.1 11.3 REAL 
11.3 129  REAL 

0 2 R E A L  
6 8.1 REAL 
0 4 R E A L  
0 4 R E A L  
2 4 DUP 
4 8 R E A L  
4 6 R E A L  
8 10.2 REAL 
0 2 R E A L  
1 6 REAL 
4 8 R E A L  
4 6 R E A L  
8 10.2 REAL 

10.2 16.8 REAL 
0 5 R E A L  
1 6 DUP 
7 1 o R E A L  
0 6REAL 
6 1 1 R E A L  
0 4 R E A L  
6 1 O R E A L  
0 2 R E A L  

0.5 5.3 REAL 
4 5.4 REAL 
4 7.6 REAL 

7.6 12.6 REAL 
0.5 5.3 DUP 

1 6 REAL 
5.3 11.3 REAL 

0 4 R E A L  
0 2 R E A L  
0 6 R E A L  
4 6 R E A L  
4 8 R E A L  
8 1 o R E A L  

10 13 REAL 
10 13 DUP 
0 6 R E A L  
6 11.5 REAL 
0 6 R E A L  
6 1 2 R E A L  
0 6 R E A L  
0 6 R E A L  
6 10.4 REAL 
0 5 R E A L  
6 12REAL 

23.4 29.4 REAL 
29.4 35.4 REAL 
35.4 41.6 REAL 
41.6 47.6 REAL 
47.6 50.2 REAL 

0 6.2 REAL 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40112AE LITHIUM 
LITHIUM 
LITHIUM 

BH40439AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40141AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40319AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40563AE LITHIUM 
BH40525AE LITHIUM 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

II. 3-235 

19.1 B 
3.3 B 
2 6  B 
4.7 B 
4.2 B 
6.9 B 

15.8 B 
5.4 B 
9.5 B 
5.2 B 

18.6 B 
34.2 
27.4 
10.8 B 
11.8 B 
126 B 
5.5 B 
9.5 B 
9.4 B 
10 B 

4.9 B 
4.7 B 
6.9 B 
7.7 B 

8 B  
5.6 B 

3 3  B 
9 B  

30.9 
11.5 B 
13.8 B 
16.2 B 
18.2 B 
9.3 B 

16.1 B 
15.6 B 
16.8 B 
11 B 

43.1 
10 B 

20.8 B 
6.8 B 

7 B  
8.6 B 
6.9 B 
9.5 B 
2.6 B 
10 B 

10.7 B 
13.6 B 
8.3 B 
5.8 B 
7.9 B 
8.8 B 
6.2 B 
5.3 B 
7.9 B 
5.1 B 
4.4 B 
7.5 B 

10.9 B 

33.5 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 

JA . 

Qualifiers and validation mdes are explained in Table 11.3.6-1 

10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
21 MGIKG I 

10 M G K G  
22 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
23 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
23 M G K G  
23 M G K G  
22 M G K G  
24 M G K G  
21 M G K G  
23 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
24 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
21 M G K G  
24 M G K G  
24 M G K G  
23 M G K G  
21 M G K G  

21.4 M G K G  
24.1 M G K G  
22.7 M G K G  

10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
10 M G K G  
22 M G K G  

22.7 M G K G  
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TABLE II3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual. Valid. Limit Units 

44593 BH40005AE 
44593 B%I40001AE 
44793 BH40133AE 
44893 BH40191AE 
44893 BH40188AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40382AE 
45893 BH40377AE 
45893 BH40380AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40713AE 
46593 BH40700AE 
46593 BH40703AE 
46593 BH40702AE 
46593 BH40705AE 
46593 BH40711AE 
46693 BH40728AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46793 BH40823AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46893 BH40754AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46993 BH40770AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
47093 BH40776AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40493AE 
40193 BH40495AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 

3-4-3. wql 

0 
6.2 

0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 

0.75 
0.5 

275 
4.75 
4.75 

. 8.75 
10.7 
0.5 

2.25 
4.6 
6.6 
8.6 
0.5 
2 5  
4.5 
6.5 
8.5 
8.5 
1.3 
2.5 
4.6 
6.6 
8.6 

11.5 
0.7 
1.3 
3.3 
5.5 
7.2 

0 
2.7 
4.8 
6.8 

0 
6 
0 
0 
6 
6 

12 
12 
18 
18 
0 
0 
0 
6 

12 
18 

2.5 REAL 
11.4 REAL 

5 REAL 
6 REAL 

12.2 REAL 
4 REAL 
6 REAL 
6 REAL 

8.7 REAL 
22 REAL 

6 DUP 
2.75 REAL 
2.25 REAL 
4.75 REAL 
8.75 REAL 
6.75 REAL 
10.7 REAL 
16.4 REAL 
2 5  REAL 

4.25 REAL 
6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 WAL 
14.7 DUP 
3.1 REAL 
4.6 REAL 
6.6 REAL 
8.6 REAL 

10.6 REAL 
12.5 REAL 
2.7 REAL 
3.1 DUP 
5 REAL 
7 REAL 

13.1 REAL 
6 REAL 

4.7 REAL 
6.8 REAL 
8.8 REAL 

6 REAL 
8.4 REAL 

6 REAL 
6 REAL 

12 REAL 
12 REAL 
18 REAL 
18 REAL 
24 REAL 
24 REAL 
2.9 REAL 
5 REAL 
5 REAL 

11 REAL 
18 REAL 
24 REAL 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40385AE LITHIUM 
LITHIUM 

BH40562AE LlTHIUM 
LITHIUM 
mIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40742AE LITHUM 
LITHIUM 

BH40757AE LITHIUM 
LlTHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

II.3-236 

7.1 B 
8.1 B 
6.5 B 
6.4 B 

11.2 B 
6.8 B 
5.6 B 
9.6 B 
4.9 B 

10.1 B 
12 B 

5.4 B 
11.9 B 
10.9 B 
5.5 B 
5.3 B 
5.3 B 
60 

18.8 B 
11.1 B 
11 B 

6.8 B 
31.6 
10.5 B 
7.7 B 

9 B  
6.5 B 
5.8 B 

8 B  

5.5 B 
6.3 B 
2 6  B 
5.1 B 

6.5 B 
4.9 B 

11.2 B 
0.62 U 

13 B 
8.9 B 
6.6 B 

10.1 B 
5.1 B 

37.5 

25.6 

1.6 
2.3 

1.93 
1.93 
2.19 
2 1 9  
3.99 
3.99 
142 
142 
2.2 

0 
1.6 

4 
13.2 
387 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
Y 
JA 
JA 
JA 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
JA 
Y 
Y 
JA 

V 
V 
V 

V 

V 
V 

V 
V 
V 
V 
V 
V 

Qualifiers and validation codes are explained in Table 11.3.6-1 

23 MGKG 
23 MGKG 
24 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 

100 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
100 MGKG 
25 MGKG 

100 MGKG 
100 MGKG 
23 M G E G  

0.24 MGKG 
0.24 MGKG 
0.23 MGKG 
0.23 MGKG 
0.23 MGKG 
0.23 MGKG 
0.24 MGKG 
0.24 MGKG 
0.24 MGKG 
0.24 MGKG 
0.24 MGKG 
0.24 MGKG 
0.23 MGKG 
0.22 MGKG 
0.24 MGKG 
0.24 MGKG 
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TABLE II3.4-3 

40793 BH40157AE 
40793 BH40413AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052A.E 
41293 BH40196AE 
41593 BH40418AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40426AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40447AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40141AE 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40094AE 
42993 BH40144AE 
42993 BH40144AE 
43193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40511AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40519AE 
43693 BH40521AE 
43693 BH40525AE 

3-4-3.wql 

0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 
4 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
4 
8 
0 
4 
8 

10.2 
1 
1 
1 
1 
7 
7 
0 
6 
0 
6 
0 
4 

7.6 
0.5 
0.5 
5.3 
1 
0 
4 

10 

5 REAL 
5 R E A L  

8.1 REAL 
13 REAL 
7 REAL 
6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL. 

3.3 REAL 
4 REAL 

7.9 REAL 
6 REAL 
12 REAL 
5 REAL 
11 REAL 
6 REAL 

12 REAL 
6 DUP 
6 REAL 
4 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
11.3 REAL 
12.9 REAL 

6 REAL 
8.1 REAL 

4 REAL 
4 DUP 
8 REAL 

10.2 REAL 
4 REAL 
8 REAL 

10.2 REAL 
16.8 REAL 

6 REAL 
6 REAL 
6 DUP 
6 DUP 

10 REAL 
10 REAL 
5 REAL 
11 REAL 
6 REAL 
10 REAL 
4 REAL 

7.6 REAL 
12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
4 REAL 
8 REAL 

13 REAL 

NITRATEMITRITE 
BH40157AE NITRATEMITlUTE 

NITRATENTRITE 
N I T R A T E m I T E  
NITRATEMITRITE 
NITRATE/NITRm 

NITRATE/NITRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATENTRITE 
NITRATEmm 
~ T E / N I T R I T E  
NlTRATE/NITRITE 
"ITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
"4TE/NITRITE 
NITRATE/NITRITE 
NITRATE/NITRITE 

BH40483AE NITRATElNllXITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NmRATEmITE 
"ITlUTE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATE/NITRITE 
NITRATE/NITRITE 
N I T R A T E m m  
NlTRATEmITE 
NITRATEmm 

BH40112AE NITRATEMITRITE 
BH40439AE NITRATEMITRITE 

NITRATE/NITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEmITRITE 
NITRATE/NITRlTE 
NITRATE/NITRITE 
NITRATEMITRITE 

BH40141AE NITRATEDJITRITE 
BH40141AE NITRATEMITRITE 

NITRATE/NITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATE/NITRITE 
NITRATEDJITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATE/NITRITE 
"ITRITE 

BH40319AE NITRATEMITRITE 
NITRATEMITRITE 
NITRATE/NITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 

BH40563AE NITRATE/NITRITE 

NITRATbNITRITE 

II.3-237 

6.45 
6.07 
11.3 
23.4 
2.31 
170 

57.3 
1670 
1080 
505 
12.1 
41.8 
48.9 
2120 
470 
74.8 
183 
19 

343 
56.4 
21 

26.3 
22.3 
6100 
21.9 
25.1 

51 
3.62 
5.75 
1.74 
5.78 
21.1 
21.8 
0.52 
1150 
987 
17.1 
11.8 

1810 
422 
187 

88.3 
26 
26 

34.7 
34.7 
286 
286 
7.48 
141 
2.9 
1.3 

1610 
2040 
656 
1.82 
2.36 
0.71 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 

V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

2 5 u  V 
lo00 V 
349 V 
553 V 

Qualifiers and validation codes are explained in Table II.3.6-1 

0.24 MGKG 
0.24 MGKG 
0.25 MGKG 
0.72 MGKG 
0.2 UGIG 

4.66 MGKG 
4.42 MGKG 
113 MGKG 
113 MGKG 

23.9 MGKG 
0.23 MGKG 
0.24 MGKG 
219 MGKG 
127 MGKG 

24.3 MGKG 
2.23 MGKG 
5.78 MGKG 
0.22 MGKG 
10.9 MGKG 
0.22 MGKG 
0.23 MGKG 
0.23 MGKG 
0.24 MGKG 
478 MGKG 
1.15 MGKG 
0.49 MGKG 
1.24 MGKG 
0.24 MGKG 
0.24 MGKG 
0.23 MGKG 
0.24 MGKG 
0.24 MGKG 
0.22 MGKG 
0.21 MGKG 
48.3 MGKG 
51.2 MGKG 
0.22 MGKG 
0.24 MGKG 
111 MGKG 
10.9 MGKG 
5.99 MGKG 
3.49 MGKG 
0.22 MGKG 
0.22 MGKG 
0.23 MGKG 
0.23 MGKG 
0.22 MGKG 
0.22 MGKG 
0.25 MGKG 
4.43 MGKG 
0.24 MGKG 
0.21 MGKG 
212 MGKG 
124 MGKG 

23.4 MGKG 
0.22 MGKG 
0.23 MGKG 
0.22 MGKG 

25 MGKG 
44.3 MGKG 
10.3 MGKG 
11.8 MGKG 
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TABLE II3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 
---_--_---- _------_---____ 

43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40785AE 
46593 BH40787AE 
46593 BH40790AE 
46593 BH40713AE 
46693 BH40791AE 
46693 BH40796AE 
46693 BH40728AE 
46793 BH40797AE 
46793 BH40802AE 
46793 BH40742AE 
46893 BH40803AE 
46893 BH40805AE 
46893 BH40808AE 
46993 BH40809AE 
46993 BH40814AE 
46993 BH40770AE 
47093 BH40824AE 
47093 BH40815AE 
47093 BH40817AE 

40093 BH40170AE 
40093 BH40167AE 
40193 BH40495AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40400AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40793 BH40414AE 
40793 BH40413AE 

3-4-3.wq1 

Start End 
Depth Depth QCCode QCPartnes 
_-9-_ --- ---- -- 

0 6 R E A L  
6 11.5 REAL 
0 6 R E A L  
6 1 2 R E A L  
0 6 R E A L  
0 6 R E A L  
6 10.4 REAL 
0 6 R E A L  
6 1 2 R E A L  

23.4 29.4 REAL 
29.4 35.4 REAL 
35.4 41.6 REAL 
41.6 47.6 REAL 
47.6 50.2 REAL 

0 5 R E A L  
0 6.2 REAL 

6.2 11.4 REAL 
0 2 5 R E A L  
0 5 R E A L  

6.2 12.2 REAL 
0 6 R E A L  
0 4 R E A L  
0 6 R E A L  
6 8.7 REAL 

8.7 22 REAL 
0 6 DUP BH40385AE 
0 6 REAL BH40562AE 

0.75 4.75 REAL 
6.75 8.75 REAL 
8.75 10.7 REAL 
10.7 16.4 REAL 
0.5 4.25 REAL 
6.6 7.6 REAL 
8.6 14.8 REAL 
0.5 4.5 REAL 
6.5 8.5 REAL 
8.5 14.7 REAL 
0.5 4.6 REAL 
4.6 8.6 REAL 

11.5 12.5 REAL 
1.3 5 REAL 
5.5 7 REAL 
7.2 13.1 REAL 
0.7 4.7 DUP BH40815AE 
0.7 4.7 REAL 
4.8 8.8 REAL 

0 6 R E A L  
6 8.4 REAL, 
0 2.9 REAL 
6 1 2 R E A L  

12 18 REAL 
18 2 4 R E A L  
0 5 R E A L  
0 5 R E A L  
0 5 R E A L  
6 11REAL 

12 18 REAL 
18 %REAL 
0 7 R E A L  
0 5 R E A L  

ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

BH40157AE ZINC 
ZINC 
ZINC 
ZINC 

Lab 
Result Qual. 

-- -------- 
21.3 
1.65 
3.1 
3.9 

8.45 
5.8 

7.88 
4.1 
3.6 

1.17 
0.55 
0.44 

1.3 
0.87 
2.5 

45.9 
15.5 
2.1 
2 3  
7.7 
221 

5 
2 6 2  
7.13 
112 
396 
214 

5200 
634 
507 
668 
462 

1030 
558 

2640 
1050 
791 
115 
162 
496 
311 
2860 
308 
91.2 
46.9 
128 

Valid 
. 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

39.9 EN JA 
59.2 EN JA 
90.4 V 
325 EN JA 
49.8 V 
55.1 E JA 
34.1 V 
115 V 

22.8 JA 
67.4 V 
54.3 v .  
38.6 V 
9.9 V 

44.2 JA 

U.3-238 
Qualifiers and validation codes are explained in Table II.3.6-1 

Detect 
Limit Units 

-I_- --__-e 

0.96 MGKG 
0.23 MGKG 
0.25 MGKG 
0.21 MGKG 
0.23 MGKG 
0.25 MGKG 
0.22 MGKG 
0.22 MG/KG 
0.21 MGKG 
0.25 MGKG 
0.25 MG/KG 
0.23 MGKG 
0.23 MGKG 
0.22 MGKG 
0.22 MGKG 
0.2 UG/G 
0.2 UGIG 

0.23 MGKG 
0.24 MGKG 
0.23 MGKG 
25.6 MGKG 
0.22 MGKG 
0.22 MGKG 
0.25 MGKG 
4.67 MGKG 
6.09 MGKG 
4.86 MGKG 
0.5 UG/G 
0.5 UG/G 
0.5 UGIG 
0.5 UG/G 
0.5 UG/G 
0.2 UGIG 
0.2 UG/G 
0.2 UGIG 
0.2 UG/G 
0.2 UG/G 
0.2 UGIG 
0.2 UG/G 
0.2 UG/G 
0.2 UG/G 
0.2 UG/G 
0.2 UG/G 
0.2 UG/G 
0.2 UGIG 
0.2 UGIG 

5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
4 MGKG 
5 MGKG 

10 MG/KG 
5 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
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TABLE II3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. ~~____--____ --_-9-----~----. 

40793 BH40157AE 
40793 BH40160AE 
40893 BH40030AE 
40993 BH40416AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
41193 BH40052AE 
41193 BH40049AE 
41293 BH40196AE 
41593 BH40424AE 
41593 BH40417AE 
41593 BH40419AE 
41593 BH40418AE 
41693 BH40220AE 
41693 BH40217AE 
41793 BH40246AE 
41793 BH40243AE 
41993 BH40065AE 
41993 BH40062AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 
42193 BH40433AE 
42193 BH40427AE 
42193 BH40426AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42293 BH40258AE 
42293 BH40253AE 
42293 BH40256AE 
42393 BH40264AE 
42393 BH40261AE 
42493 BH40445AE 
42493 BH40439AE 
42493 BH40438AE 
42493 BH40440AE 
42493 BH40112AE 
42493 BH40441AE 
42593 BH40447AE 
42593 BH40290AE 
42593 BH40448AE 
42593 BH40446AE 
42593 BH40449AE 
42593 BH40450AE 
42993 BH40144AE 
42993 BH40141AE 
42993 BH40094AE 
43193 BH40309AE 
43193 BH40306AE 
43293 BH40044AE 
43293 BH40041AE 
43393 BH40510AE 
43393 BH40324AE 
43393 BH40517AE 
43393 BH40511AE 
43393 BH40512AE 
43493 BH40319AE 
43493 BH40322AE 

3-4-3.wql 

Stalt End Lab 
Depth Depth QCCode QCPartner Chemical Result Qual. Valid 

6 8.1 REAL ZINC 22.6 V 
8.1 13 REAL ZINC 30.7 V 

0 6 R E A L  ZINC 21.7 V 
0 6 R E A L  ZINC 19.6 V 
6 1 O R E A L  ZINC 61.2 JA 

10 2 0 R E A L  ZINC 71.3 JA 
20 3 1 R E A L  ZINC 23.6 E JA 
31 35 REAL ZINC 24.2 E JA 
0 3.3 REAL ZINC 16 JA 
6 8 R E A L  ZINC 53.2 V 
0 2 R E A L  ZINC 11.8 JA 
0 6 R E A L  ZINC 14.9 JA 
0 4 R E A L  ZINC 17.6 V 
4 7.9 REAL ZINC 50.9 JA 
4 6 R E A L  ZINC 28.5 V 
0 5 R E A L  ZINC 28.6 V 

0 6 R E A L  ZINC 63 V 
6 1 1 R E A L  ZINC 18.1 V 
0 6 R E A L  ZINC 28.5 N* JA 
6 12 REAL BH40483AE ZINC 48.8 V 
0 2 R E A L  ZINC 9.6 N* JA 
0 6 DUP ZINC 15.1 N* JA 
0 4 R E A L  ZINC 31.1 N* JA 

0.7 6.1 REAL ZINC 19.8 V 
4 9.9 REAL ZINC 61.5 V 
4 6 R E A L  ZINC 46.8 V 

9.9 16 REAL ZINC 54.9 V 
16 2 2 R E A L  ZINC 110 N* JA 
22 28.3 REAL ZINC 35.7 JA 

28.3 31.3 REAL ZINC 39.3 JA 
0 6 REAL BH40112AE ZINC 37.5 V 

6.1 11.3 REAL ZINC 40.9 V 
11.3 129 REAL ZINC 30.9 V 

0 4 REAL BH40439AE ZINC 17.5 JA 
6 8.1 REAL ZINC 44.6 V 
0 4 R E A L  ZINC 124 V 
0 2 R E A L  ZINC 21.1 V 
2 4 DUP ZINC 21.7 V 
4 8 R E A L  ZINC 15.8 V 
4 6 R E A L  ZINC 44.6 V 
8 10.2 REAL ZINC 45.1 JA 
0 2 R E A L  ZINC 9.8 V 
1 6 REAL ZINC 10.3 V 
4 8 R E A L  ZINC 56.3 V 
4 6 R E A L  ZINC 38.6 V 
8 10.2 REAL ZINC 37.2 V 

10.2 16.8 REAL BH40141AE ZINC 45.4 V 
0 5 R E A L  ZINC 39.4 E JA 
1 6 DUP ZINC 39.6 JA 
7 1 o R E A L  ZINC 128 V 
0 6 R E A L  ZINC 24.6 N* JA 
6 11REAL ZINC 25E JA 
0 2 R E A L  ZINC 46.6 N* JA 
6 1OREAL ZINC 20 N* JA 
0 4 R E A L  ZINC 12.1 N* JA 

0.5 5.3 REAL ZINC 26.8 JA 
4 5.4 REAL ZINC 21.5 JA 
4 7.6 REAL ZINC 76.9 N* JA 

7.6 12.6 REAL BH40319AE ZINC 28.8 JA 
0.5 5.3 DUP ZINC 85.2 V 

1 6 R E A L  ZINC 124 V 

. -I-_-_ _I-_-_ ----- --- ____I_____ --_I --------_ -----_ -1-1-1 

. 6 1 2 R E A L  ZINC 11.8 JA 

II.3-239 
Qualifiers and validation eodes are explained in Table II.3.6-1 

Detect 
Limit Units 

-------- ____--_--I_ 

4.4 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
5 MGKG 
4 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 

10 MGKG 
5 MGKG 
5 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
5 MGKG 

10 MGKG 
5 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 
4 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 

10 MGKG 
10 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 

10 MGKG 
4 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
5 MGKG 

10 MGKG 
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TABLE Ip.3.4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

43493 BH40573AE 
43593 BH40180AE 
43693 BH40563AE 
43693 BH40518AE 
43693 BH40520AE 
43693 BH40519AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43793 BH40335AE 
43793 BH40332AE 
43893 BH40073AE 
43893 BH40070AE 
43993 BH40353AE 
44093 BH40351AE 
44093 BH40348AE 
44193 BH40089AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44393 BH40033AE 
44593 BH40005AE 
44593 BH4OOQlAE 
44793 BH40133AE 
44893 BH40191AE 
44893 BH40188AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40382AE 
45893 BH40377AE 
45893 BH40380AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40713AE 
46593 BH40700AE 
46593 BH40705AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40711AE 
46693 BH40728AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46793 BH40823AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46893 BH40754AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46993 BH40770AE 
46993 BH40757AE 
46993 BH40830AE 

5.3 11.3 REAL 
0 2 R E A L  
0 6 R E A L  
0 4 R E A L  
4 8 R E A L  
4 6 R E A L  
8 1OREAL 

10 13 REAL 
10 13 DUP 
0 6 R E A L  
6 11.5 REAL 
0 6 R E A L  
6 1 2 R E A L  
0 6 R E A L  
0 6 R E A L  
6 10.4 REAL 
0 5 R E A L  
6 1 2 R E A L  

23.4 29.4 REAL 
29.4 35.4 REAL 
35.4 41.6 REAL 
41.6 47.6 REAL 
47.6 50.2 REAL 

0 6.2 REAL 
0 2 5 R E A L  

6.2 11.4 REAL 
0 5 R E A L  
0 6 R E A L  

6.2 12.2 REAL 
0 4 R E A L  
0 6 R E A L  
0 6 R E A L  
6 8.7 REAL 

8.7 22 REAL 
0 6 DUP 

0.75 275 REAL 
0.5 2.25 REAL 

2.75 4.75 REAL 
4.75 6.75 REAL 
4.75 8.75 REAL 
8.75 10.7 REAL 
10.7 16.4 REAL 
0.5 2.5 REAL 

2.25 4.25 REAL 
4.6 6.6 REAL 
6.6 7.6 REAL 
8.6 14.8 REAL 
0.5 2.5 REAL 
2.5 4.5 REAL 
4.5 6.5 REAL 
6.5 8.5 REAL 
8.5 14.7 REAL 
8.5 14.7 DUP 
1.3 3.1 REAL 
2.5 4.6 REAL 
4.6 6.6 REAL 
6.6 8.6 REAL 
8.6 10.6 REAL 

11.5 12.5 REAL 
0.7 2.7 REAL 
1.3 3.1 DUP 
3.3 5 REAL 

ZINC 
ZINC 
ZINC 
ZINC 

BH40563AE ZINC 
ZINC 

BH40525AE ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

BH40562AE ZINC 
BH40385AE ZINC 

ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

BH40742AE ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

BH40757AE ZINC 
ZINC 
ZINC 
ZINC 

II.3-240 

27.2 
14.5 
27.6 E 
9.3 

91.6 
12 

57.3 
51.3 
21.4 
15.4 
9.1 E 

13.7 
30.7 E 
49.7 
74.5 N* 

20 
44.5 
73.3 N* 
130 N* 

60.4 N* 
160 N* 
168 E 

31.8 
43.5 
28.8 
67.2 
76.2 N* 
31.2 
21.9 N* 
35.2 
52.1 
10.5 
92.8 
62.7 
8.2 

19.6 
17.2 
1 2 2  
53.5 
67.1 
45.3 
9.5 
7.2 E 

21.9 
42.5 
28.3 E 
15.8 E 
12.1 B 

8 E  
68.1 E 
71.3 E 
23.5 
17.3 
9.8 
19 
10 

16.5 
12.2 
13.6 
127 

49 
13.5 

V 
V 
JA 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
JA 
V 
JA 
V 
V 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
JA 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

10 MGKG 
10 MGKG 

5 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
5 MGKG 
4 MGKG 
4 MGKG 
5 MGKG 

4.8 MGKG 
10 MGKG 

4.3 MGKG 
4.5 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 

4.5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 

10 MGKG 
10 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 

4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 

20 MGKG 
4 MGKG 
4 MGKG 

4 .MGKG 
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TABLE I13.4-3 

Location 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL. CONTAMINANTS OF CONCERN 

Start 
Sample No. Depth 

46993 
46993 
47093 
47093 
47093 
47093 

3-4-3.wql 

BH40759AE 5.5 
BH40768AE 7.2 
BH40776AE 0 
BH40771AE 2.7 
BH40773AE 4.8 
BH40774AE 6.8 

End 
Depth 

7 
13.1 

6 
4.7 
6.8 
8.8 

QC Code QC Partner 
Lab 

Chemical Result Qual. 

ZINC 22 
ZINC 14.9 
ZINC 53.1 EN 
ZINC 16.6 
ZINC 48.6 
ZINC 70.9 

. _-_-________I---- ----- ----..---- 
Valid. 

Y 
Y 
JA 
Y 
V 
V 

-__--- 

II. 3-24 1 
Qualifiers and validation codes are explained in Table 11.3.6-1 

Detect 
Limit Units 

-I------ ----___-I 

20 MG/KG 
20 MG/KG 

5 MGKG 
20 MG/KG 

5 MG/KG 
5 MG/KG 
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Nitrate/Nitri te 

The nitrateM.de (as nitrogen) analytical results are presented on Figures II.3.4-14 and 
II.3.4-15 and in Table 3.4-3. Nitrate is detected in nearly all the samples analyzed (109 out of 
110), and concentrations ranged from 0.0 (this result was indeed validated and not qualified as 
nondetected) to 6,100 mg/kg. Of the 109 detections, 72 exceeded the calculated background 
concentration of 7.1 mg/kg. Nitrate is broadly distributed in OU4 soils, but the highest 
concentrations occur in the 0-6 foot depth interval immediately beneath the SEPs and at the 
water table both in the vicinity of the SEPs and in the buffer zone. 

- Zinc 

The subsurface analytical results for zinc are presented graphically on Figures II.3.4-16 
through II.3.4-18 and are listed in Table II.3.4-3. Zinc was detected in all of the samples 
analyzed, and the detections ranged from 7.2 to 168 mg/kg. Seventy-eight of the samples 
exceeded the'calculated background concentration of 23.64 mg/kg and are shown on the figures 
in red. Zinc is broadly distributed throughout OU4 above background concentrations, but there 
is no discernable pattern to the distribution, either horizontally or vertically. The highest zinc 
detection (168 mg/kg) is found in the 0-5 foot interval at borehole 44393 located south of OU4. 
The second highest concentration detected (160 mg/kg) is found in the 47.6 to 50.2 foot interval 
of borehole 44193 located south and east of OU4. There is no apparent correlation between the 
zinc concentrations detected and proximity to the SEPs, but as with barium, a general increase 
in zinc concentrations with depth is suggested by the data. 

II.3.4.2 Radionuclide Potential Contaminants of Concern ' 
This section presents the results of the subsurface soil and bedrock analyses for the 

radiological PCOCs. A summary of the analytical results is presented in Table II.3.4-2, and a 
complete listing of these results is presented in Table II.3.4-4. Section II.4, Nature and Extent 
of Contamination, provides a detailed analysis of the occurrence of these PCOCs. 

Americium-24 1 

The americium-241 analytical results are presented on Figures II.3.4-19 through II.3.4-21 
and in Table II.3.4-4. Americium was detected in 78 of the 96 samples analyzed (81 percent), 
and concentrations ranged from 0.0017 to 6.1 pCi/g. Fifty of the detections exceeded the 
calculated background concentration of 0.01 pCi/g. The highest concentrations of americium 
are found in the uppermost six feet of soil immediately beneath the SEPs and berms. Detections 
above background also are found throughout the total lengths of some boreholes, including 
borehole 40993 north of SEP 207-C, where americium is detected at a depth of 31 to 35 feet. 

Cesium-134 

The cesium-134 analytical results are presented on Figures II.3.4-22 through II.3.4-24 
and in Table II.3.4-4. Concentrations of cesium-134 ranged from -0.0013 to 0.01 pCi/g. 
Negative results are not unusual for radionuclide analyses and indicate that the result is below @ 
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TABLE I13.4-4 

40993 BH4020lAE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH402U)AE 
41793 B H 4 0 2 4 3 e  
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 B H W A E  
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40319AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 

e 

a 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10.2 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 

6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 

6 R E A L  
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 
12 REAL 
5 REAL 
11 REAL 
6 REAL 

62 REAL 
6 DUP 
2 REAL 

. 4REAL 
6 R E A L  

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
11.3 REAL . 
129 REAL 

6 REAL 
8.1 REAL 

2 REAL 
4 REAL 
4 DUP 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
16.8 REAL 
5 REAL 

11 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 REAL 
5.3 DUP 

11.3 REAL 
6 REAL. 
2 REAL 
4 REAL 
6 REAL 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM241 

BH40483AE AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

BH40112AE AMERICIUM-241 
BH40439AE AMERICIUM-241 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM441 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

BH40319AE AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

0.25 
0.042 
0.003 u 
0.002 u 
0.013 J 
0.29 B 

0.005 BJ 
0.35 
0.5 

0.12 
0.009 J 

-0.002 u 
2.7 

0.28 
2 1  

0.069 
0.28 

o u  
0.27 

0.088 
-0.003 u 
0.005 J 
0.001 u 
0.003 u 
0.003 U 

o u  
0.002 u 

0.0759 
0.003 

0.0067 
0.69 

0.063 
1.1 

0.17 
0.17 

0.006 U 
o u  

0.015 J 
0.028 

-0.001 u 
0.002 BJ 
0.011 J 
0.003 U 

o u  
0.9 

0.011 J 
0.021 
0.008 J 

-0.002 u 
0.005 J 

o u  
0.0302 
0.0408 
0.0079 

4 
2.48 

0.0058 
0.0034 J 

V 

V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 

v 
0.058 
0.028 
0.004 
0.004 
0.01 

0.052 
0.006 
0.062 
0.076 
0.046 
0.01 

0.003 
0.42 

0.048 
0.39 
0.03 
0.03 

0.007 
0.026 
0.026 
0.005 
0.008 
0.004 
0.006 
0.006 
0.004 
0.006 

0.0175 
0.00346 
0.00508 

0.088 
0.02 
0.25 
0.04 

0.046 
0.008 
0.006 
0.012 
0.014 
0.005 
0.004 
0.008 
0.006 
0.004 
0.12 
0.01 

0.012 
0.006 
0.002 
0.006 
0.006 

0.0106 
0.0125 

0.00533 
0.46 

0.266 
0.0052 

0.00382 
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TABLE II3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 
_________--_ --_-___----_-s-- 

43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH4U703AE 
46593 BH40705Ak 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40823AE 
46793 BH40742AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

3-4-4.wql 

Start End 
Depth Depth QCGode QCPartner Chemical 

6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 

0.75 
275 
4.75 
6.75 
8.75 
10.7 
0.5 

2.25 
4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

s-____-- --___ 
8 REAL 
10 REAL 
13 REAL 
13 DUP 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
2.5 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
225 REAL 
4.25 REAL 
6.6 REAL 
7.6 REAL 

14.8 REAL 
2 5  REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 DUP 
14.7 REAL 
2 5  REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP 
8.6 REAL 
10.6 REAL 
125 REAL 
3.1 DUP 
3.1 REAL 

5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

AMERICIUM241 
AMERICIUM-241 

BH40563AE AMERICIUM-241 
BH40525AE AMERICIUM-241 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM-241 

BH4M42AE AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

BH40748AE AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

BH40757AE AMERICIUM241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

Result Qual Valid 
--------_--- 

0.005 U 
0.008 J 
0.009 J 
0.004 u 

6.1 
0.072 

1.4 B 
0.004 BJ 

0.2643 
1.8 

0.0045 
0.0509 
0.4892 
0.0161 
0.0046 J 
0.0087 
0.0334 
0.0428 

1.8 
0.1607 
0.0144 
0.0683 
0.0328 
0.1672 
0.0062 
0.0217 
0.0081 
0.046 

0.0101 
0.0166 
0.0063 
0.0018 J 
0.0066 
0.0017 J 
0.0059 
0.0488 
0.051 

0.0027 J 
0.0063 
0.0067 J 
0.0065 
0.0135 
0.0049 J 
0.0157 
0.0304 

II.3-244 
Qualifiers and validation codes are explained in Table IL3.6-1 

Error 

V 
V 
V 
V 
A 
A 
V 
V 
A 
V 
A 
A 
A 
Y 
A 
A 
A 
A 
Y 
Y 

. A  
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

0.008 
0.01 

0.012 
0.006 

0.72 
0.03 
0.15 

0.006 
0.0394 

0.19 
0.004M 

0.014 
0.065 

0.0083 
0.00486 
0.00641 

0.0117 
0.0128 
0.197 

0.0284 
0.00755 

0.0172 
0.0118 
0.0311 

0.00524 
0.00969 
0.0069 
0.0144 

0.00717 
0.00756 
0.00634 
0.00248 
0.00495 
0.0024 

0.00447 
0.0135 
0.0142 
0.0035 

0.00479 
0.00952 
0.00493 
0.00813 
0.00468 
0.00835 

0.011 
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TABLE I13.4.4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
b a t i o n  SampleNo. Depth Depth QCCode QCPartner Chemical Result Qual Valid Error 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243- 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AE 

3-4-4.wql 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10.2 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
6 
8 

10 

6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
6 REAL 

12 REAL 
6 DUB 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 
6.1 REAL 

11.3 REAL 
12.9 REAL 
6 REAL 

8.1 REAL 
2 REAL 
4 DUP 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
16.8 REAL 
5 REAL 

11 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
8 REAL 
10 REAL 
13 DUP 

CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

BH40483AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

BH40439drE CESIUM-134 
BH40112AE CESIUM-134 

CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

BH40319AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

BH40525AE CESIUM-134 

II.3-245 

0 
0 
0 
0 
0 

0.009 
0.003 
0.005 

0 
0 
0 
0 

0.007 
0.005 
0.005 
0.005 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0003 J 
0.0053 J 
0.0021 J 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.005 
0.007 

0 
0 
0 
0 
0 

0.0279 J 
-0.007 J 
0.0103 J 

0 
0 
0 
0 

Qualifiers and validation codes are explained in Table 11.3.6-1 

z 
z 
z 
z 
z 
v .  0.23 
v 0.105 
V 0.079 
z 
z 
z 
z 
V 
V 
V 
V 

0.096 
0.08 

0.082 
0.078 

z 
z 
z 
z 
z 
z 
z 
z 
z 0.0221 
z 0.0312 
z 0.0243 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
V 
V 
z 
z 
z 
z 
z 
2 0.0207 
Z 0.025 
Z 0.0207 
z 
Z 
z 
2 

0.076 
0.098 

Page 3 of 27 - 



TABLE II3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS O F  CONCERN 

Start End 
Location Sample No. Depth Depth QCCode QCPartner Chemical 

----_--------- _____*--__ 

43693 BH40525AE 10 
43793 BH40332AE 0 
43793 BH40335AE 6 
43893 BH40070AE 0 
43893 BH40073AE 6 
44093 BH40348AE 0 
46593 BH40700AE 0.75 
46593 BH40702AE 2.75 
46593 BH40703AE 4.75 
46593 BH40705AE 6.75 
46593 BH40711AE 8.75 
46593 BH40713AE 10.7 
46693 BH40715AE 0.5 
46693 BH40717AE 2.25 
46693 BH40718ffi 4.6 
46693 BH40726AE 6.6 
46693 BH40728AE 8.6 
46793 BH40729AE 0.5 
46793 BH40731AE 2.5 
46793 BH40732AE 4.5 
46793 BH40740AE 6.5 
46793 BH40742AE 8.5 
46793 BH40823AE 8.5 
46893 BH40826AE NfA 
46893 BH40743AE 0.5 
46893 BH40745AE 2 5  
46893 BH40746AE 4.6 
46893 BH40825AE 6.6 
46893 BH40748AE 6.6 
46893 BH40749AE 8.6 
46893 BH40754AE 11.5 
46993 BH40830AE 1.3 
46993 BH40757AE 1.3 
46993 BH40759AE 3.3 
46993 BH40768AE 5.5 
46993 BH40770AE 7.2 
47093 BH4M71AE 0.7 
47093 BH40773AE 2 7  
47093 BH40774AE 4.8 
47093 BH40776AE 6.8 

3-4-4.wql 

---------_ -__p__l_l 

13 REAL 
6 REAL. 

11.5 REAL 
6 REAL 
12 REAL 
6 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
2.25 REAL 
4.25 REAL 

6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 

RNS 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP 
8.6 REAL 

10.6 REAL 
12.5 REAL 
3.1 DUP 
3.1 REAL 
5 REAL 
7 REAL 

13.1 REAL 
2 7  REAL. 
4.7 REAL 
6.8 REAL 
8.8 REAL 

BH40563AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

BH40742AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

BH40748AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-I34 

BH40757AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 

Re& Qual Valid 

0 z 
0.005 V 
0.007 V 
0.003 V 
0.003 V 

0 z 
-0.0064 J V 
0.0035 J Y 
0.0007 J V 

-0.0117 J V 
0.0085 J V 
-0.0224 J V 
-0.0002 J Y 
-0.007 J Y 

-0.0059 J V 
-0.0093 J V 
-0.0147 J V 
-0.0017 J V 
-0.0043 J V 
0.0097 x V 
0.0108 x V 
0.0077 J V 
0.0136 X V 

-0.32 J Y 
0.0025 J V 
0.0122 J V 

-0.0138 J V 
-0.0095 J V 
-0.0044 J V 
-0.0043 J V 
-0.0172 J V 
0.0105 J V 
0.0123 J V 

-0.0076 J V 
-0.0315 J V 
-0.0057 J V 
-0.0075 J V 
0.0027 X V 
0.0116 X V 

-0.0013 J V 

II.3-246 

Qualifiers and validation codes are explained in Table 11.3.6-1 

E m r  

0.085 
0.098 
0.102 
0.102 

0.0134 
0.0135 
0.0132 
0.0173 
0.0148 
0.0246 
0.0151 
0.0128 
0.0163 
0.0177 
0.0175 
0.0144 
0.0147 
0.0145 
0.0142 
0.0138 
0.015 
0.563 

0.0124 
0.0118 
0.0124 
0.0126 
0.0135 
0.013 

0.0176 
0.0131 
0.0122 
0.0122 
0.0198 
0.0136 
0.0134 
0.0127 
0.0137 
0.0101 
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TABLE II3.4-4 

OW4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No.. 

40993 BH4MOlAE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 bH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40319AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 

---------- --__I-_---____ 

3-4-4.wql 

Start 
Depth 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10.2 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 

End 
Depth QCCode QCPartner Chemical 

---_---_-- ---___--_- -_-_---____-___- ----------_--------_ 
6 REAL CESIUM-137 
10 REAL CESIUM-137 
20 REAL CESIUM-137 
31 REAL CESIUM-137 
35 REAL CESIUM-137 
6 REAL CESIUM-137 
8 REAL CESIUM-137 

3.3 REAL CESIUM-137 
2 REAL CESIUM-137 
4 REAL CESIUM-137 
6 REAL CESIUM-137 

7.9 REAL CESIUM-137 
6 REAL CESIUM-137 

12 REAL CESIUM-137 
5 REAL CESIUM-137 

11 REAL CESIUM-137 
6 REAL CESIUM-137 

12 REAL CESIUM-137 
6 DUP BH40483AE CESIUM-137 
2 REAL CESIUM-137 
4 REAL CESIUM-137 
6 REAL CESIUM-137 

9.9 REAL CESIUM-137 
16 REAL CESIUM-137 
22 REAL CESIUM-137 

28.3 REAL CESIUM-137 
31.3 REAL CESIUM-137 
6.1 REAL CESIUM-137 

11.3 REAL CESIUM-137 
12.9 REAL CESIUM-137 
6 REAL CESIUM-137 

8.1 REAL CESIUM-137 
2 REAL CESIUM-137 
4 DUP BH40439A.E CESIUM-137 
4 REAL BH40112A.E CESIUM-137 
6 REAL CESIUM-137 
8 REAL CESIUM-137 

10.2 REAL CESIUM-137 
2 REAL CESIUM-137 
4 REAL CESIUM-137 
6 REAL CESIUM-137 
8 REAL CESIUM-137 

10.2 REAL CESIUM-137 
16.8 REAL CESIUM-137 

5 REAL CESIUM-137 
11 REAL CESIUM-137 
2 REAL CESIUM-137 
4 REAL CESIUM-137 

5.4 REAL CESIUM-137 
7.6 REAL CESIUM-137 

12.6 REAL CESIUM-137 
5.3 REAL CESIUM-137 
5.3 DUP BH40319AE CESIUM-137 

11.3 REAL CESIUM-137 
6 REAL CESIUM-137 
2 REAL CESIUM-137 
4 REAL CESIUM-137 
6 REAL CESIUM-137 

n.3-247 

Result Qual ----_--_ 
0.004 
0.002 
0.002 
0.002 
0.002 

0.21 u 
0.003 
0.16 U 
0.01 
0.01 
0.01 

0.003 
0.087 U 
0.004 

0.42 J 
0.004 

0 
0 
0 

0.01 
0.003 
0.003 
0.003 

0 
0 
0 
0 

0.0021 J 
-0.0138 J 
0.0074 J 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 

0 

0 
0 

0.01 
0 

0.16 U 
0.002 

0.01 
0.01 
0.01 
0.01 
0.01 

-0.0045 J 
0.0227 J 
0.0267 J 
0.003 

0.1382 X 
-0.0022 J 
-0.0037 J 

0.1 u 

Qualifiers and validation codes are explained in Table 11.3.6-1 

Valid Error 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
A 
A 
A 

0.11 
0.07 
0.07 
0.1 

0.07 
0.29 
0.11 
0.16 
0.14 
0.12 
0.12 
0.07 
0.15 

0.103 
0.15 

0.106 

0.16 
0.07 
0.07 
0.08 
0.09 
0.1 

0.09 
0.06 

0.0232 
0.0303 
0.0233 

0.12 
0.1 

0.11 
0.8 
0.1 

0.11 
0.11 
0.11 
0.09 
0.08 
0.08 
0.06 
0.08 
0.08 
0.13 

0.071 
0.12 
0.13 
0.12 
0.12 
0.13 

0.0328 
0.0271 
0.0213 

0.07 
0.0398 
0.028 

0.0349 
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TABLE II3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End e 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4M31AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40826AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

6 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 
0.5 

2.25 
4.6 
6.6 
8.6 
0.5 
2 5  
4.5 
6.5 
8.5 
8.5 

0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

a 

NIA 

8 REAL 
10 REAL 
13 REAL 
13 DUP 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
25 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
2.25 REAL 
4.25 REAL 
6.6 REAL 
7.6 REAL 

14.8 REAL 
25 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 

RNS 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP 
8.6 REAL 

10.6 REAL 
125 REAL 
3.1 REAL 
3.1 DUP 
5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

CESIUM-137 

BH40563AE CESIUM-137 
CESIUM-137 

BH40525AE CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 

BH40742AE CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 

BH40748AE CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 

BH40757AE CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 

0.003 
0.003 
0.003 
0.003 

0.002 
0.003 
0.003 
0.014 J 
0.003 

-0.0177 J 
0.1506 X 
0.0033 J 
0.0052 J 
0.0025 J 
0.0119 J 

-0.0119 J 
-0.0013 J 

0.03 J 
-0.0177 J 
0.0121 J 
0.006 J 

-0.0378 J 
0.0112 J 
0.0158 X 

-0.0042 J 
0.0066 X 
-0.005 J 

-0.0119 J 
-0.439 J 
0.0057 J 
0.0121 J 
-0.018 J 

-0.0025 J 
-0.0119 J 
-0.0023 J 
-0.0189 J 
-0.0128 J 
-0.006 J 
0.0058 X 

-0.0285 J 
0.0122 x 

-0.0108 J 
0.0151 X 
-0.003 J 
0.0003 X 

0.4 J 

V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
A 
A 
V 
Y 
V 
V 
V 
V 
Y 
Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
v 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

0.1 
0.11 
0.07 
0.1 

0.25 
0.069 
0.11 
0.11 

0.0348 
0.11 

0.0298 
0.0785 
0.0129 
0.0142 
0.0133 
0.0174 
0.0165 
0.0224 
0.0178 
0.0137 
0.0157 
0.0188 
0.0177 
0.0157 
0.0141 
0.0144 
0.0159 
0.0157 
0.0167 
0.596 

0.0128 
0.0121 
0.0127 
0.0131 
0.0136 
0.0125 
0.0175 
0.0144 
0.0152 
0.0124 
0.01% 
0.0127 
0.0147 
0.0138 
0.0147 
0.0102 

3-4-4.wql 

II. 3-248 
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40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030m 
40993 B H W I A E  
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 

3-4-4.wql 

6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 

8.4 REAL 
6 REAL 

12 REAL 
24 REAL 

2.9 REAL 
5 REAL 
5 REAL 

11 REAL 
18 REAL 

.24 REAL 
5 REAL 
5 REAL 

8.1 REAL 
13 REAL 
7 REAL 
6 REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 W A L  
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
6 REAL 

12 REAL 
6 DUP 
6 REAL 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
11.3 REAL 
12.9 REAL 
6 REAL 

8.1 REAL 
2 REAL 
4 DUP 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40157AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

’ GROSS BETA 
GROSS BETA 
GROSSBETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40483AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40439AE GROSS BETA 
BH40112AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

II.3-249 

20 
20.4 
24.2 
22.3 

37 
27 B 
26 B 
2 4 B  
26 B 
29 
22 
19 
18 
23 

22.4 
35 
31 
12 
19 
15 
33 B 
42 B 
21 
46 
40 
24 
21 
33 
28 
24 
30 
15 
13 
22 

30.27 
35 
21 
30 
10 
13 
21 
18 
25 

45.04 
33.77 
19.45 

50 
55 
21 
15 
20 
31 
28 
16 
52 
26 
32 
28 

Qualifiers and validation codes are explained in Table 11.3.6-1 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 

4.5 
4.7 
5.3 

5 
5.2 
4.4 
4.6 
4.4 
4.8 
4.7 
4.6 
4.4 

4 
4.4 

5 
5.1 
4.8 
3.8 
4.1 
4.6 
4.7 
5.3 
4.7 

5 
4.9 
3.8 
3.9 
4.4 
4.5 
4.3 
4.5 
2 3  
2 3  
2.8 

3.42 
4.4 
4.3 
4.3 
3.7 
4.1 
4.8 
4.1 
4.2 

4.43 
3.63 
2.65 

6 
5.7 
3.8 
3.6 
4.2 
4.4 
4.5 
4.1 
4.5 
3.7 
4.1 
4.2 
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TABLE II.3:44-4 

42593 BH40450AE 
42593 BH40290AE 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319b 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 

3-4-4.wql 

8 
10.2 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 
1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
0 
6.2 

0 
0 
6.2 

0 
0 
0 
6 

8.7 
0 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 

10.2 REAL 
16.8 REAL 
6 REAL 
6 DUP 

10 REAL 
5 REAL 
11 REAL 
6 REAL 
10 REAL 
2 REAL 
4 REAL 

5.4  REAL 
7.6 REAL 
126 REAL 
5.3 DUP 
5.3 REAL 
11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10 REAL 
13 DUP 
13 REAL 
6 REAL 

11.5 REAL 
6 REAL 
12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 
12 REAL 

29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
6.2 REAL 
11.4 REAL 
2.5 REAL 

5 REAL 
12.2 REAL 
6 REAL 
4 REAL 
6 REAL 
8.7 REAL 
22 REAL 
6 DUP 
6 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 

GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40141AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40319AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40525AE GROSS BETA 
BH40563AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40385AE GROSS BETA 
BH40562AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

II. 3-250 

13 
16 

31.9 
21 

. 22 
36 
37 
40 
45 
30 
45 
23 
27 
22 

15.55 
18.07 
16.72 
46 

31.42 
22.04 
26.58 
22 
20 
41 
21 
37 
35 
16 B 
34 B 

18.29 
42 

17.42 
20.6 
30.9 
19 
24 
27 
27 
18 
30 B 

25.5 
21 

26.87. 
24.1 
30.3 

22 
19 

20.95 
22.6 
22.62 

11 
24 

19.39 
25.47 
31.07 
24.33 
27.11 
26.47 

Qualifiers and validation codes are explained in Table IL3.6-1 

V 
V 
A 
A 
A 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
A 
A 
A 
A 
V 
V 
A 
A 
V 
A 
V 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
V 
V 

3.5 
4.1 
6.8 
4.8 

5 
5.1 
5.2 

5 
5 
4.5 
4.9 
3.5 
4.6 
3.7 
2.37 
2.53 
2.47 
5.8 
3.49 
283 
3.15 
3.5 
4.3 
5.2 
4.4 
4.9 
4.9 
4.7 

5 
3.54 
5.3 
2.51 
4.7 
6.6 
4 

4.2 
4 

4.3 
3.8 

5 
5.6 
4.7 
3.17 
5.3 
6.5 
4.1 
3.5 
2.76 
288 
286 
3.7 
3.8 
2.62 
3.06 
3.47 
298 
3.18 
3.16 
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TABLE 11.3.4-4 

46693 BH40715AE 
46693 BH4M17AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40823AE 
46793 BH40742AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 B H 4 0 7 4 8 e  
46893 BH40825AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

0.5 
2.25 
4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

2.25 REAL 
4.25 REAL 
6.6 REAL 
7.6 REAL 

14.8 'REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 DUP 
14.7 REAL 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 REAL 
8.6 DUP 

10.6 REAL 
125 REAL 
3.1 DUP 
3.1 REAL 

5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40742AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH4M48AE GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40757AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

45.96 
35.32 
33.04 
32.41 
37.96 
23.28 
17.19 
1244 
23.17 
29.16 
28.18 
16.96 
16.25 
15.43 
29.98 
24.52 
23.54 
27.57 
49.18 
42.61 
32.09 
37.92 
22.87 
21.16 
14.26 
33.22 
14.45 

Y 
Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

4.49 
3.74 
3.58 
3.54 
3.94 
2.97 
2.46 
216 
2.9 

3.31 
3.24 
246 
2.44 
236 
3.39 
3.03 
295 
3.24 
4.69 
4.26 
3.55 
3.93 
2 9  

2.79 
2.22 
3.61 
2.29 

34-4.wql 

II.3-251 
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TABLE I13.4-4 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 

3-4-4.wql 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10.2 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 
1 
0 
2 
4 

6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 
12 REAL 
5 REAL 
11 REAL 
6 REAL 

12 REAL 
6 DUP 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL. 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
113 REAL 
12.9 REAL 
6 REAL 

8.1 REAL 
2 REAL 
4 DUP 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
16.8 REAL 

5 REAL 
11 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 
12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 

PLUTONIUM-239W 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239l240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239I240 
PLUTONIUM-239W 

BH40483AE PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239W 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239W 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239J240 
PLUTONIUM-239/240 

BH40439AE PLUTONIUM-239/240 
BH40112AE PLUTONIUM-239/240 

PLUTONIUM-239/240 
PLUTONlUM-239/240 
PLUTONIUM-239W 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239W 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 

BH40319AE PLUTONIUM-239/240 
PLUTONIUM-239W 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 

11.3-252 

1.6 
0.039 
0.007 J 
0.009 J 
0.004 u 

0.39 
0.83 
0.28 

1 
0.037 

0.01 J 
o u  
3 

0.29 
2 9  

0.013 J 
0.18 

0.005 J 
1.3 

0.058 B 
o u  

-0.001 u 
0.001 u 
0.007 J 
0.002 J 

0.003 J 
o u  

0.4016 
0.0116 
0.0138 

0.75 B 
0.15 B 
0.11 

o u  
0.005 J 
0.002 u 
0.006 J 
0.002 u 

0.29 
0.046 

-0.001 u 
0.018 J 

-0.001 u 
0.001 u 

1.3 
0.005 U 
0.098 B 
0.001 u 
0.009 BJ 

-0.004 u 
o u  

0.2091 
0.2417 
0.0127 

0.9876 
2 5 B  

0.002 J 
0.0052 J 

Qualifiers and validation codes are explained in Table 11.3.6-1 

A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
V 
V 
V 
A 
A 
A 
A 

0.24 
0.022 
0.008 
0.008 
0.01 
0.11 
0.18 

0.066 
0.16 

0.032 
0.01 

0.004 
0.4 

0.07 
0.64 
0.01 

0.022 
0.004 
0.095 
0.028 
0.003 
0.004 
0.004 
0.008 
0.004 
0.004 
0.004 

0.0552 
0.00706 
0.00802 

0.13 
0.066 
0.032 
0.004 
0.006 
0.004 
0.008 
0.004 
0.064 
0.026 
0.004 

0.01 
0.005 
0.004 
0.18 

0.008 
0.032 
0.004 
0.014 
0.001 
0.01 

0.0363 
0.0421 

0.00802 
2.9 

0.144 
0.00912 
0.00916 

-_ 
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TABLE 113.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Location ' Sample NO. Depth Depth QC Code QC Partner Chemical 
---_--I-- -------s---- ----__-I- e-____ _-----___ _s_________ll ------- 

43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 
43793" BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 
0.5 

2.25 
4.6 
6.6 
8.6 
0.5 
25 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
f .3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

8 REAL 
10 REAL 
13 DUP 
13 REAL 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
2.5 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
2.25 REAL 
4.25 REAL 

6.6 REAL 
7.6 REAL 

14.8 REAL 
25 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 
25 REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP 
8.6 REAL 

10.6 REAL 
125 REAL 
3.1 DUP 
3.1 REAL 
5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

PLUTONIUM-2391240 
PLUTONIUM-239/240 

BH40525AE PLUTONIUM-239/240 
BH40563AE PLUTONIUM-b91240 

PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM2391240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
P L q O N I U M - 2 3 9 m  
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONNM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 

BH40742AE PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 

BH40748AE PLUTONIUM-2391240 
PLUTONIUM2391240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 

BH40757AE PLUTONIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONNM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 

3-4-4.wql 

-0.001 u 
-0.001 u 
0.002 J 
0.003 J 

4 
0.026 J 
0.61 B 
0.14 B 

0.1369 
0.048 .B 

0.0029 J 
0.1623 
0.9232 
0.0214 
0.0431 
0.0069 J 
0.017 

0.0031 J 
0.706 

0.0493 
0.01 J 

0.0047 J 
0.0005 J 
0.0449 
0.0079 
0.0186 
0.0062 J 
0.0056 J 
0.0049 J 
0.0382 

-0.0028 J 
0.0056 J 
0.0011 J 
0.0012 J 
0.0002 J 
O.OOO7 J 
0.0105 
0.0799 
0.0033 J 
0.014 J 

0.0023 J 
0.0126 

-0.0012 J 
0.0065 J 
0.0011 J 

Ir.3-253 

Qualifiers and validation codes are explained in Table 11.3.6-1 

V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
Y 
A 
A 
A 
A 
Y 
Y 
R 
A 
A 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 
A 
V 
V 
V 
V 
V 

0.003 
0.004 
0.004 
0.004 
0.49 

0.014 
0.1 

0.048 
0.0288 
0.022 

0.00514 
0.0291 

0.12 
0.00977 

0.023 
0.0096 
0.0153 
0.0107 
0.115 

0.0206 
0.0133 

0.00662 
0.00605 
0.0212 

o.oM15 
0.0102 

0.00765 
0.0154 

0.00727 
0.0134 

0.00328 
0.00789 
0.00385 
0.00314 
0.00211 
0.00252 
O.oM31 
0.0206 
0.0074 
0.0198 

0.00323 
0.00964 
0.00417 
0.0116 

0.00367 
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TABtE II3.4-4 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246& 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE. 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AE 

3-4-4.wql 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
2 
4 
6 

" 9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10.2 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 
6 
8 

10 

6 REAL 
IO REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 
6.1 REAL 

11.3 REAL 
12.9 REAL 
6 REAL 

8.1 REAL 
2 REAL 
4 REAL 
4 DUP 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
16.8 REAL 

5 REAL 
11 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 .REAL 
8 REAL 
10 REAL 
13 DUP 

RADIUM226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM426 
RADIUM226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADNM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 

BH40112AE RADIUM-226 
BH40439AE RADIUM-226 

RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM426 
RADIUM-226 
RADIUM-226 

BH40319AE RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 

BH40525AE RADIUM-226 

II. 3-254 

1.1 
0.67 
0.4 J 

0.63 
0.93 

0.52 
0.84 
0.88 
0.69 
0.59 
0.53 
0.82 
0.38 J 
0.55 
0.49 J 

1 
0.73 
0.48 J 
0.37 J 

0.7 U 

0.7 
0.89 
0.84 
0.89 

0.4335 X 
0.6753 X 
0.5555 X 

0.94 
1.1 
1.1 

0.86 
0.88 
0.55 
0.53 
0.66 
0.93 
0.56 
0.59 
0.62 
0.64 
0.9 

0.59 
0.65 
0.8 

0.54 
0.58 
1.9 

0.84 
0.731 X 

0.5432 X 
0.5998 X 

0.75 
0.6367 X 
0.5565 X 
0.836 X 

0.59 
0.53 
0.71 

Qualifiers and validation codes are explained in Table II.3.6-1 

V 
V 
V 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
A 
A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
A 
R 
R 
R 

0.3 
0.27 
0.17 
0.16 
0.17 
0.59 
0.3 

0.28 
0.33 
0.34 
0.33 
0.24 
0.29 
0.25 
0.32 
0.24 
0.43 
0.26 
0.28 
0.21 
0.21 
0.23 
0.24 
0.24 

0.112 
0.138 
0.11 
0.29 
0.31 
0.29 
0.28 
0.29 
0.31 
0.3 

0.25 
0.25 
0.25 
0.23 
0.2 

0.26 
0.21 
0.36 
0.32 
0.29 
0.32 
0.29 
0.32 
0.33 

0.123 
0.138 
0.107 
0.26 

0.121 
0.173 
0.127 

0.28 
0.33 
0.33 

- 
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TABLE II.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 
_D-_---_---_ -------------- 

43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46493 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
44093 BH40774AE 
47093 BH40776AE 

3-4-4.wql 

Start 
Depth 

10 
0 
6 
0 
6 
0 
0 
6 
0 

0.75 
275 
4.75 
6.75 
8.75 
10.7 
0.5 

225 
4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

End 
Depth QCCode QCPartner Chemical 
I-------- I---- ___--_____--- ----------------__- 

13 REAL BH40563AE RADIUM-226 
6 REAL RADIUM-226 

11.5 REAL RADIUM-226 
6 REAL RADIUM-226 

12 REAL RADIUM-226 
6 REAL. RADIUM-226 
6 REAL RADIUM226 

10.4 REAL RADIUM-226 
2.5 REAL RADIUM-226 

2.75 REAL RADIUM-226 
4.75 REAL RADIUM-226 
6.75 REAL RADIUM-226 
8.75 REAL RADIUM-226 
10.7 REAL RADIUM226 
16.4 REAL RADIUM-226 
2.25 REAL RADIUM-226 
4.25 REAL RADIUM-226 

6.6 REAL RADIUM-226 
7.6 REAL RADIUM-226 

14.8 REAL RADIUM-226 
2.5 REAL RADIUM-226 
4.5 REAL RADIUM-226 
6.5 REAL RADIUM-226 
8.5 REAL RADIUM-226 

14.7 REAL RADIUM-226 
14.7 DUP BH40742AE RADIUM426 
2.5 REAL RADIUM-226 
4.6 REAL RADIUM-226 
6.6 REAL RADIUM-226 
8.6 DUP BH40748AE RADIUM-226 
8.6 REAL RADIUM-226 

10.6 REAL RADIUM-226 
125 REAL RADIUM-226 
3.1 DUP BH40757AE RADIUM226 
3.1 REAL RADIUM426 

5 REAL RADIUM226 
7 REAL RADIUM-226 

13.1 REAL RADIUM-226 
2.7 REAL RADIUM-226 
4.7 REAL RADIUM-226 
6.8 REAL RADIUM-226 
8.8 REAL RADIUM-226 

Result Qual Valid 

- 1  
----- -- _-------- 

0.85 V 
0.62 V 
0.93 A 

. 0.49 J A 
0.6609 X R 

0.75 A 
0.5964 X R 
0.7531 R 

1.822 X V 
1 x  Y 

1.585 X V 
1.893 X V 
1.713 X V 
1.954 X V 
5.888 X Y 
1.243 X Y 
2.113 X V 
3.276 X V 
2.677 X V 
3.072 X A 
2.069 X A 
2.243 X A 
1.918 X A 
2.337 X A 

2.66 X A 
0.9226 X A 

1.07 X A 
0.951 X A 
2.205 X A 
1.623 X A 
1.507 x A 
2.075 X A 
5.425 x A 
4.538 X A 
2864 X A 

A 6.838 X 
1.565 X A 
1.164 x A 
1.101 x A 
1.301 X A 
1.15 x A 

II.3-255 
Qualifiers and validation codes are explained in Table 11.3.6-1 

Error 

0.31 
0.29 
0.25 
0.28 
0.27 

0.112 
0.22 

0.135 
0.123 
0.423 
0.395 
0.398 
0.549 
0.488 
0.729 
0.856 
0.387 
0.505 
0.638 
0.619 
0.62 

0.634 
0.55 

0.456 
0.524 
0.621 
0.45 

0.386 
0.36 

0.526 
0.441 
0.398 
0.561 
0.761 
0,644 
0.524 
0.92 

0.448 
0.402 

. 0.364 
0.456 
0.35 

---I- 

Page 13 of 27 - 



TABLE II3.4-4 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40278AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BM40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 

3-4-4.wql 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10.2 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 

6 REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 
11 REAL 
6 REAL 

12 REAL 
6 DUP 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 
6.1 REAL 

11.3 REAL 
1 2 9  REAL 

6 REAL 
8.1 REAL 
2 REAL 
4 REAL 
4 DUP 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
16.8 REAL 

5 REAL 
11 REAL 
2 REAL 
4 R E A L  

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 

STRONTIUM-89,90 
S T R O " M - 8 9 , 9 0  
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89.90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 

BH40483A.E STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTTUM-89,90 
STRONTTUM-89,90 
STRONTIUM-89,90 
S T R O " M - 8 9 , 9 0  
S T R O " M - 8 9 , 9 0  
STRONTWM-89,90 
STRONTIUM-89,90 
STRONTIUM-89.90 
STRONTIUM-89,90 
STRONTTUM-89,90 
S T R O " M - 8 9 , 9 0  

BH40112AE STRONTIUM-89.90 
BH40439AE STRONTIUM-89,90 

STRONTIUM-89.90 
STRONTIUM-89.90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89.90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89.90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 

BH40319AE STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 

II.3-256 

0.32 J 
0.42 J 
0.12 u 
0.26 U 
0.08 U 
0.49 J 
0.5 J 

0.14 U 
0.25 u 
0.32 J 
0.17 U 
0.24 u 
0.3 BJ 

0.49 BJ 
0.33 BJ 
0.45 J 

-0.031 U 
0.005 u 
0.079 U 

0.21 u 
0.28 u 
0.47 J 
0.67 J. 
0.21 u 
0.24 u 

-0.09 u 
0.27 U 

0.6828 
0.1634 
0.2596 

0.31 U 
0.8 J 

0.34 J 
0.45 J 
0.28 u 
0.24 u 
0.27 J 
0.27 U 
0.74 J 
0.26 U 
0.38 J 
0.35 U 
0.4 J 

0.34 U 
0.62 J 
0.88 BJ 
0.14 U 
0.53 U 
0.19 u 
0.33 J 
0.39 J 

0.1257 
0.1481 
0.0573 

0.5517 
0.5343 
0.0515 

0.26 J 

Qualifiers and validation codes are explained in Table 11.3.6-1 

A 
A 
A 
A 
A 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
JA 
A 
V 
R 
V 
V 
V 
A 
JA 
A 
A 
V 
V 
V 

0.21 
0.2 

0.16 
0.19 
0.21 
0.18 
0.28 
0.21 
0.18 
0.21 
0.18 
0.18 
0.19 
0.27 
0.21 
0.29 
0.18 
0.13 
0.17 
0.22 
0.24 
0.21 
0.26 
0.18 
0.2 
0.2 
0.2 

0.118 
0.048 

0.0705 
0.25 
0.4 

0.23 
0.25 
0.32 
0.18 
0.19 
0.2 

0.32 
0.21 
0.18 
0.26 
0.27 
0.25 
0.4 

0.26 
0.2 

0.71 
0.19 
0.18 
0.21 

0.0422 
0.0492 
0.028 
0.17 

0.148 
0.147 
0.028 

- 
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TABLE IIJ.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL. CONTAMINANTS OF CONCERN 

Location Sample No. 
s------l-------- 

43693 BH40521AE 
43693 BH40522AJ2 
43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 B H 4 0 7 3 m  
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

3-4-4.wql 

Start 
Depth 

6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 
0.5 

2.25 
4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

End 
Depth QCCode ___-__-____ _---_------- 

8 REAL 
10 REAL 
13 DUP 
13 REAL 
6 REAL 

11.5 REAL 
6 REAL 
12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
2.5 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
2.25 REAL 
4.25 REAL 

6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP 
8.6 REAL 

10.6 REAL 
12.5 REAL 
3.1 REAL 
3.1 DUP 
5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

QC Partner Chemical 

STRONTIUM-89,90 
STRONTIUM-89,90 

BH40525AE STRONTIUM-89,90 
BH40563AE STRONTIUM-89,90 

STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRO"XUM-89,W 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89.90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIuM-89,90 
SIllONTIuM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 

BH40742AE STRO"IUM-89,90 
STRONTIuM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 

BH40748AE STRONTIUM-89,90 
STRO"XUM-89,90 
STRONTIUM-89,90 
STRoNTIuM-89,90 
STRONTIUM-89,90 

BH40757AE STRONTNM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 
STRONTNM-89,90 
STRONTNM-89,90 
STRONTIUM-89,90 
STRONTIUM-89,90 

II. 3-257 

' Result Qual 
_---I ---_-----_-- 

0.36 J 
0.41 U 
0.28 J 
0.28 u 
0.29 U 
0.27 U 
0.17 U 
0.36 U 

0.1368 
0.34 J 

0.028 J 
0.102 

0.1247 
0.1313 
0.0162 J 
0.0347 J 
0.2754 
0.1207 
0.0786 
0.0583 
0.1386 
0.2121 
0.6411 
0.0619 
0.4763 
0.7136 
0.281 

0.2222 
0.1437 
0.1741 
0.64 

0.7258 
0.3341 
0.3162 
0.0915 
0.1303 
0.6789 
0.4343 
0.0139 J 
0.1645 
0.0867 
0.1972 
0.0947 
0.0424 J 
0.1139 

Qualifiers and validation codes are explained in Table 11.3.6-1 

Valid " Error' 

V 0.21 
JA 0.4 
V 0.17 
V 0.2 
A 0.31 
A * 0.21 
V 0.14 
JA 0.37 
V 0.0465 
A 0.21 
V 0.0229 
V 0.0373 
A 0.0425 
Y 0.0441 
A 0.0216 
A 0.0244 
A 0.0808 
A 0.0414 
Y 0.041 
Y 0.0292 
A 0.0463 
A 0.0633 
A 0.168 
A 0.0299 
A 0.127 
A 0.193 
A 0.0809 
A 0.066 
A 0.0488 
A 0.0547 
A 0.045 
A 0.181 
A 0.119 
A 0.116 
A 0.0425 
A 0.054 
A 0.182 
A 0.118 
A 0.0276 
A 0.0524 
A 0.0419 
A 0.0602 
A 0.0355 
A 0.0263 
A 0.0488 

----__--- _-_--I-- 
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TABLE n.3.4.4 

OU4 SUBSURFACE SOIL ANI9 BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 B H W A E  
40793 BH40157AE 
40793 BH40413AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201Ak 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 

3-4-4.wql 

Start End 
Depth Depth QCCode QCPartner Chemical Result Qual Valid 

.---s--_- s------_o--_ ~ . _ _ _ _ _ _ _  

6 8.4 REAL 
0 6 REAL 
6 12 REAL 

18 24 REAL 
0 2.9 REAL 
0 5 REAL 
0 5 REAL 
6 11 REAL 

12 18 REAL 
18 24 REAL 
0 5 REAL 
0 5 REAL 
6 8.1 REAL 

8.1 13 REAL 
0 7 REAL 
0 6 REAL 
6 10 REAL 

10 20 REAL 
20 31 REAL 
31 35 REAL 
0 6 REAL 
6 8 R E A L  
0 3.3 REAL 
0 2 REAL 
2 4 REAL 
4 6 REAL 
6 7.9 REAL 
0 6 REAL 
6 12 REAL 
0 5 REAL 
6 11 REAL 
0 6 REAL 
6 12 REAL 
0 6 REAL 
0 6 DUP 
0 2 REAL 
2 4 R E A L  
4 6 REAL 
6 9.9 REAL 

9.9 16 REAL 
16 22 REAL 
22 28.3 REAL 

28.3 31.3 REAL 
0.7 6.1 REAL 
6.1 11.3 REAL 

11.3 12.9 REAL 
0 6 REAL 
6 8.1 REAL 
0 2 REAL 
2 4 DUP 
2 4 REAL 
4 6 REAL 
6 8 REAL 

0 2 REAL 
2 4 REAL 
4 6 REAL 
6 8 REAL 

8, 10.2 REAL 

------___--------- ------_----__-.-------- 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRlT.TIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40157AE TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
T M  
TRITIUM 
TRITIUM 
TRITIUM 

BH40483AE TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRlTRJM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40439AE TRITIUM 
BH40112AE TRITIUM 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

II.3-258 

277 
2M 
408 
139 
520 
160 u 
400 
980 

-330 U 
1400 
250 u 
350 U 

1100 B 
770 

2390 
670 B 
4 4 0 B  

2900 B 
3100 B 
270 U 

-890 u 
2400 

120 u 
12000 
16OOO 
1 1000 
8ooo 
810 B 

1200 B 
1000 
3900 B 
800 U 
120 u 

75 U 
136.3 J 

41000 
34000 
28OOO 
1200 
1300 B 
1100 B 
590 B 
760 B 

160.2 J 
1952 
3168 
1300 

loo00 
6600 
7000 
1100 
440 
270 U 

12OOo 
11000. 
6700 
5100 

-12 u 

Qualifiers and validation codes are explained in Table 11.3.6-1 

Error 

JA 
JA 
JA 
JA 
A 
A 
A 
JA 
R 
A 
A 
A 
A 
A 
JA 
A 
A 
A 
A 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

123 
118 
549 
112 
310 
230 
250 
370 
260 
370 
240 
240 
280 
310 
360 
250 
240 
350 
360 
230 
280 
340 
290 
720 
740 
620 
520 
290 
290 
380 
400 
580 
250 
224 
400 

1100 
970 
910 
270 
240 
230 
200 
210 
221 
327 
407 
300 
230 
600 
480 
490 
280 
250 
240 
630 
600 
480 
430 - 
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TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Location SampleNo. Depth Depth QCCode QCPartner Chemical Result Qual Valid Error 

42593 BH40450AE 
42593 BH40290AE 
42993 BH40094AE 
42993 BH40141AE 
43193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40319AE 
43493 BH40573w 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AFi 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AJ3 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 

3-4-4.wql 

8 
10.2 

1 
1 
0 
6 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
0 

6.2 
0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 
0.5 

10.2 REAL 
16.8 REAL 

6 DUP 
6 REAL 
5 REAL 

11 REAL 
6 REAL 
10 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

1 2 6  REAL 
5.3 REAL 
5.3 DUP 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10 REAL 
13 REAL 
13 DUP 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 

12 REAL 
29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
6.2 REAL 

11.4 REAL 
2.5 REAL 
5 REAL 

12.2 REAL 
6 REAL 
4 REAL 
6 REAL 

8.7 REAL 
22 REAL 
6 REAL 
6 DUP 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 
2.25 REAL 

TRITIUM 
TRITIUM 

BH40141AE TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40319AE TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40563AE TRITIUM 
BH40525AE TRITIUM 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
l-RlTIUM 
TRITIUM 
TRITIUM 

BH40562AE TRITIUM 
BH40385AE TRITIUM 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

II. 3-259 

1400 

1500 
2700 

360 u 
3800 B 
-740 u 
340 u 

790 B 

26000 
20000 
26000 
62000 
13000 
351.7 
322.9 
165.6 J 
1300 
5336 

14400 
21620 
11000 
15000 
13000 
11000 
600 
770 B 
300 u 

9 2 u  
109.6 J 

570 
350 
329 
110 
920 B 
590 B 
570 B 
880 B 
550 B 
260 u 
118 
133 

155.7 J 
144 
118 
1800 
190 u 

165.7 J 
63.97 J 
1045 
3300 
3200 

25590 
12160 
7430 
9093 

11610 
4817 

46610 

Qualifiers and validation codes are explained in Table 11.3.6-1 

A 
A 
JA 
JA 
A 
A 
R 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
V 
JA 
JA 
A 
A 
A 
A 
A 
A 
JA 
JA 
V 
JA 
JA 
A 
A 
V 
V 
V 
A 
A 
V 
Y 
V 
V 
V 
V 
Y 

290 
21 0 
240 
370 
250 
390 
300 
230 
960 
790 
880 

1300 
630 
231 
229 
221 
310 
558 

1210 
1730 
590 
680 
640 
580 
360 
280 
250 
220 
223 
340 
235 
145 
154 
220 
200 
210 
340 
220 
240 
126 
124 
225 
113 
177 
300 
270 
224 
218 
273 
360 
360 

2010 
1040 
705 
823 
lo00 
521 

3540 
c 
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TABLE 113.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 
__-s--_-_- 

46693 
46693 
46693 
46693 
46793 
46793 
46793 
46793 
46793 
46793 
46893 
46893 
46893 
48893 
46893 
46893 
46893 
46993 
46993 
46993 
46993 
46993 
47093 
47093 

---__l____s-- 

BH40717AE 
BH40718AE 
BH40726AE 
BH40728AE 
BH40729AE 
BH40731AE 
BH40732AE 
BH40740AE 
BH40742AE 
BH40823AE 
BH40743AE 
BH40745AE 
BH40746AE 
BH40748AE 
BH40825AE 
BH40749AE 
BH40754AE 
BH40757AE 
BH40830AE 
BH40759AE 
BH40768AE 
BH40770AE 
BH40771AE 
BH40773AE 

47093 BH40774AE 
47093 BH40776AE 

3-4-4.wql 

Star! 
Depth 

2.25 
4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

, End 
Depth QC Code QC Partner Chemical” 

4.25 REAL TRlTIuM 
6.6 REAL TRITIUM 
7.6 REAL TRITIUM 

14.8 REAL TRITIUM 
2.5 REAL TRITIUM 
4.5 REAL TRITIUM 
6.5 REAL TRITIUM 
8.5 REAL TRlTIUM 

14.7 REAL TRITIUM 
14.7 DUP BH40742AE TRlTIUM 
2.5 REAL TRITIUM 
4.6 REAL TRITIUM 
6.6 REAL TRITIUM 
8.6 REAL TRITIUM 
8.6 DUP BH40748AE TRITIUM 

10.6 REAL TRITIUM 
12.5 REAL TRITIUM 
3.1 REAL TRITIUM 
3.1 DUP BH40757AE TRITIUM 
5 REAL TRITIUM 
7 REAL TRITIUM 

13.1 REAL TRITIUM 
2.7 REAL T R m  
4.7 REAL TRITIUM 
6.8 REAL TRITIUM 
8.8 REAL TRITIUM 

----_--I-_- _I________ -____________~ _----------_---- 
Result Qual Valid 

48400 Y 
5644 V 

43060 V 
21540 V 
34090 V 
57980 x V 
42090 x V 
33180 X V 
14540 V 
18020 X V 
3860 V 
5842 V 
8680 ’ V 
6778 X V 
4920 x V 
5929 x V 
8141 X V 

13680 V 
13220 V 
5295 X V 

21870 V 
5802 X V 
2417 X V 
6639 X V 
6M4 x V 
6668 X V 

___DI---__ -----D--- --------- 

II.3-260 

Qualifiers and validation codes are explained in Table 11.3.6-1 

Error 

3670 
579 

3280 
1720 
2630 
4360 
3210 
2560 
1210 
1460 
477 
606 
805 
668 
539 
609 
764 

1160 
1130 
564 

1760 
607 
354 
643 
604 
660 
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TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual Valid Error 
------------ ------------------- ------------ ------------ -----------_ ____----------_____ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH4013lAE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 

6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 

8.4 REAL 
6 REAL 

12 REAL 
24 REAL 
2.9 REAL 

5 REAL 
5 REAL 

11 REAL 
18 REAL 
24 REAL 
5 REAL 
5 REAL 

8.1 REAL 
13 REAL 
7 REAL 
6 REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 

6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
6 REAL 

12 REAL 
6 REAL 
6 DUP 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
11.3 REAL 
12.9 REAL 

6 REAL 
8.1 REAL 

2 REAL 
4 REAL 
4 DUP 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

BH40157AE 

BH40483AE 

BH40112AE 
BH40439AE 

URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 

URANIUM-233,-234 
URANIUM-233,-234 

URANIUM-233.-?34 

URANIUM-233,-234 
URANIUM-233,-234 

URANXUM-233,-234 
URANIUM-233,-234 

URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 

URANIUM-233.-234 
URANIUM-233 ,-234 
URANIUM-233,-234 
URANIUM-233.-234 

URANIUM-233,-234 

URANIUM-233.-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233 ,-234 
URANIUM233 ,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-274 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,434 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM233 ,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 

11.3-261 

1.11 
0.866 
0.665 

1.25 
1.8 B 
1.6 B 

0.91 B 
0.99 B 
0.85 B 
0.95 

1.5 B 
1.3 B 
1.3 B 
1.2 B 

0.518 
2.7 B 
1.2 B 
2.7 B 
1.9 B 

0.96 B 
0.75 B 

1.3 B 
1.3 B 
15 B 
12 B 

8.5 B 
1.8 B 
9.3 B 
3.4 B 
1.9 B 
1.2 B 

1 

0.38 
1.538 

1.1 
21 B 
1.7 B 
1.1 B 

0.72 B 
0.99 B 
0.78 B 
0.83 B 

1 B  
0.8929 
0.9066 
0.9361 

1.6 
0.91 
3.8 B 

0.91 
1.5 B 

0.97 B 
0.84 B 

1 8  
11 
1 

1.5 B 
1.2 B 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0.27 
0.198 
0.177 
0.26 
0.48 
0.49 
0.31 
0.39 
0.3 

0.32 
0.19 
0.17 
0.17 
0.16 

0.158 
0.86 
0.5 

0.71 
0.5 

0.39 
0.33 
0.58 

0.4 
2.2 
1.7 
1.4 

0.42 
1.3 

0.63 
0.62 
0.54 
0.22 
0.17 

0.359 
0.24 
3.1 

0.44 
0.45 
0.23 
0.17 
0.15 
0.15 
0.18 

0.331 
0.249 
0.257 
0.38 
0.28 
0.82 
0.36 
0.45 
0.35 

0.3 
0.35 

2 
0.28 
0.36 
0.31 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 
------------ ______________---__ 

42593 BH40450AE 
42593 BH40290AE 
42993 BH40094AE 
42993 BH40141AE 
42993 BH40144AE 
43193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH405lOAE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 

Start End 
Depth Depth QC Code QC Partner Chemical 

8 
10.2 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
0 

6.2 
0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 

.._____ _ _ _ _ _ _ _ _ _ _ _ _  
10.2 REAL 
16.8 REAL 

6 DUP 
6 REAL 

10 REAL 
5 REAL 

11 REAL 
6 REAL 

10 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10 REAL 
13 REAL 
13 DUP 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 

12 REAL 
29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
6.2 REAL 

11.4 REAL 
2.5 REAL 

5 REAL 
12.2 REAL 

6 REAL 
4 REAL 
6 REAL 

8.7 REAL 
22 REAL 

6 REAL 
6 DUP 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 

__________.________ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
URANIUM-233,-234 
URANIUM-233,-234 

BH40141AE URANIUM-233,-234 
URANIUM-233,-234 
URANIUM233 ,-234 
URANIUM-233,-24 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 

BH403 19AE URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 

BH40563AE URANIUM-233,-234 
BH40525AE URANIUM-233,-234 

URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-274 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-23-234 
URANIUM-233,-234 

BH40562AE URANIUM-233,-234 
BH40385AE URANIUM-233,-234 

URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 

11.3-262 

Result Qual 

1.2 
0.84 B 
1.86 
1.8 

1.11 
1 B  
2 B  
1 

0.48 
4.9 B 
2.2 B 

4 B  
2.5 B 

1 B  
0.8643 
0.9911 
0.9099 

1.8 
5.115 
3.903 
3.404 

2.2 B 
5.4 B 
1.5 B 
1.5 B 
17 B 
1.1 B 

0.91 B 
1.2 B 

1.074 
0.78 

0.5887 
0.502 
0.404 
0.95 B 

1.5 B 
2.2 B 
1.7 B 
1.5 B 

0.67 B 
0.438 
0.242 

0.9501 
1.15 
1.05 
1.4 B 

0.59 B 
0.9945 
0.8543 

1.517 
0.87 B 

1.3 B 
2.208 

0.5662 
2.343 
1.596 

0.8666 
1.055 

Valid 

A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 

A 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
A 
Y 
A 
A 
A 
A 

Error 
.__ _ _  ____  

0.31 
0.16 
0.37 
0.37 
0.23 
0.29 
0.62 
0.3 

0.19 
0.81 
0.57 
0.65 
0.51 
0.34 

0.238 
0.252 
0.252 
0.37 

0.533 
0.421 
0.371 
0.55 

1.1 
0.46 
0.47 
2.4 

0.47 
0.36 
0.38 

0.262 
0.26 

0.189 
0.176 
0.143 
0.31 
0.54 
0.55 
0.25 
0.22 
0.24 

0.145 
0.107 
0.236 
0.29 
0.24 
0.37 
0.19 

0.142 
0.122 
0.179 
0.31 
0.39 

0.533 
0.179 
0.522 
0.391 
0.236 
0.321 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40825AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

1 ! I ..:,t 

0.5 
2.25 

4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

2.25 REAL 
4.25 REAL 

6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 REAL 
8.6 DUP 

10.6 REAL 
12.5 REAL 
3.1 REAL 
3.1 DUP 

5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

BH40742AE 

BH40748AE 

BH40757AE 

URANIUM-233,234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233 .-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 

14.54 
1.472 
2.57 

3.825 
1.547 
4.933 
1.154 
1.433 
1.579 
1.445 
0.937 
1.026 

0.8734 
0.8201 

2.082 
1.937 
1.994 
1.048 
13.99 
12.98 
6.053 
10.99 
1.113 

0.6156 
0.3624 

1.515 
1.416 

Y 2.37 
Y 0.358 
A 0.583 
A 0.759 
A 0.418 
A 1.16 
A 0.41 
A 0.38 
R 0.751 
A 0.458 
A 0.315 
V 0.312 
V 0.293 
V 0.255 
V 0.448 
V 0.415 
V 0.482 
V 0.3 
V 2.17 
V 1.93 
V 1.11 
V 1.76 
V 0.343 
A 0.271 
A 0.198 
A 0.405 
V 0.343 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 
-------_.__- --_______--.--_.___ 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40157AE 
40793 BH40413AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41 193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 

Start E n d  
Depth Depth QC Code QC Partner Chemical 

_ _ _ _ _ _ _ _ _ _ _ _  --..- 
6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 

______-  -------___-_ ________-----.-_.._ 

8.4 REAL 
6 REAL 

12 REAL 
24 REAL 
2.9 REAL 

5 REAL 
5 REAL 

11  REAL 
18 REAL 
24 REAL 

5 REAL 
5 REAL BH40157AE 

8.1 REAL 
13 REAL 
7 REAL 
6 REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 

6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
6 REAL 

12 REAL 
6 DUP BH40483AE 
6 REAL 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 
6.1 REAL 

11.3 REAL 
12.9 REAL 

6 REAL 
8.1 REAL 

2 REAL 
4 REAL BH40112AE 
4 DUP BH40439AE 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

11.3-264 

Result Qual 

0.0832 
0.023 

0.0329 
0.0741 

0.063 J 
0.023 U 
0.079 J 
0.053 U 
0.087 J 
0.064 BJ 
0.065 BJ 
0.068 BJ 
0.054 BJ 
0.058 B J  

0.0091 
0.035 U 
0.041 J 

0.08 J 
0.13 J 

0.094 J 
0.09 J 

0.076 U 
0.038 u 

0.59 B 
0.3 B 

0.27 BJ 
0.13 J 
0.39 
0.13 J 

0.069 J 
0.041 U 

0.12 J 
0.04 U 

0.047 U 
0.0614 J 

0.87 B 
0.14 BJ 
0.18 J 
0.1 BJ 

0.059 J 
0.023 J 
0.021 u 
0.049 J 
0.02 J 

0.0335 J 
0.008 J 
0.044 J 
0.089 BJ 

0.29 J 
0.14 J 

0.069 J 

0.11 J 
0.086 J 
0.047 J 

0.26 J 
0.044 J 
0.075 J 

0.07 J 

Valid Error 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0.0667 
0.0344 
0.0277 
0.0503 

0.076 
0.054 
0.086 
0.088 
0.088 
0.074 
0.032 
0.034 
0.03 
0.03 

0.0315 
0.08 

0.084 
0.098 
0.11 
0.11 

0.1 
0.14 

0.062 
0.2 

0.14 
0.14 

0.096 
0.15 
0.09 

0.098 
0.096 
0.068 
0.041 
0.048 

0.0616 
0.27 

0.1 
0.16 

0.078 
0.036 
0.024 
0.026 
0.034 

0.0481 
0.0451 
0.027 
0.054 

0.08 
0.17 
0.13 
0.08 
0.11 

0.086 
0.068 

0.16 
0.052 
0.068 
0.066 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 

42593 
42593 
42993 
42993 
42993 
43 193 
43 193 
43293 
43293 
43393 
43393 
43393 
43393 
43393 
43493 
43493 
43493 
43593 
43693 
43693 
43693 
43693 
43693 
43693 
43693 
43793 
43793 
43893 
43893 
43993 
44093 
44093 
44193 
44193 
44 193 
44193 
44193 
44 193 
44 193 
44393 
44593 
44593 
44793 
44893 
44893 
45693 
45793 
45893 
45893 
45893 
46193 
46193 
46593 
46593 
46593 
46593 
46593 
46593 

BH40450AE 
BH40290AE 
BH40094AE 
BH40141 AE 
BH40144AE 
BH40306AE 
BH40309AE 
BH40041AE 
BH40044AE 
BH40510AE 
BH40511AE 
BH40512AE 
BH40517AE 
BH40324AE 
BH40573AE 
BH40319AE 
BH40322AE 
BH40180AE 
BH40518AE 
BH40519AE 
BH40520AE 
BH40521AE 
BH40522AE 
BH40563AE 
BH40525AE 
BH40332AE 
BH40335AE 
BH40070AE 
BH40073AE 
BH40353AE 
BH40348AE 
BH40351AE 
BH40078AE 
BH40081AE 
BH40429AE 
BH40568AE 
BH40569AE 
BH40570AE 
BH40089AE 
BH40033AE 
BH40001AE 
BH40005AE 
BH40133AE 
BH40188AE 
BH40191 AE 
BH40374AE 
BH40557AE 
BH40377AE 
BH40380AE 
BH40382AE 
BH40385AE 
BH40562AE 
BH40700AE 
BH40702AE 
BH40703AE 
BH40705AF 
BH40711AE 
BH40713AE 

Start 
Depth 

8 
10.2 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
0 

6.2 
0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 
0 

0.75 
2.75 
4.75 
6.75 
8.75 
10.7 

End 
Depth QCCode 

10.2 REAL 
16.8 REAL 

6 DUP 
6 REAL 

10 REAL 
5 REAL 

11 REAL 
6 REAL 

10 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10 REAL 
13 DUP 
13 REAL 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 

12 REAL 
29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
6.2 REAL 

11.4 REAL 
2.5 REAL 

5 REAL 
12.2 REAL 

6 REAL 
4 REAL 
6 REAL 

8.7 REAL 
22 REAL 

6 REAL 
6 DUP 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 

..r----_____ __-_________ 
QC Partner Chemical 
----_______________ _-------_-__________-------.. 

URANIUM235 
URANIUM-235 

BH40141AE URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40319AE URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 

BH40525AE URANIUM-235 
BH40563AE URANIUM-235 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
U RANIUM-235 
URANIUM-235 
URANIVM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40562AE URANIUM-235 
BH40385AE URANIUM235 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 

11.3-265 

Result Qual 
____________  ____--._____ 

0.071 J 
0.031 J 

0.0499 
0.0954 
0.0465 

0.097 J 
0.063 J 
0.014 U 
0.067 BJ  
0.086 BJ 
0.085 J 

0.14 BJ 
0.13 BJ  

0.088 BJ  
0.0353 J 
0.0629 J 
0.0634 

0.1 BJ  
0.1651 
0.1128 
0.0767 

0.12 J 
0.26 J 
0.21 J 
0.05 J 
0.54 

-0.005 U 
0.028 J 
0.024 J 

0.0307 J 
0.017 BJ 

0.0241 J 
0.0913 

-0.0104 
0.059 J 

-0.023 u 
0.044 J 

0.1 J 
0.054 J 
0.053 J 

0.0194 
0.0093 

O J  
0 

0.0271 
0.11 BJ 

0.025 J 

0.0293 
0.0195 J 
0.0564 
0.062 J 
0.044 BJ 

0.0742 
0.0565 

0.044 J 
0.0276 J 
0.0364 
0.0288 J 

Valid 

A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 

_-_________ 

A 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
A 
Y 
A 
A 
A 
A 

Error 

0.064 
0.03 

0.0451 
0.0649 
0.0443 

0.08 
0.09 

0.034 
0.068 

0.07 
0.092 
0.084 
0.092 
0.09 

0.0434 
0.0583 
0.0592 

0.074 
0.044 

0.0356 
0.0297 

0.11 
0.16 
0.16 

0.072 
0.19 

0.001 
0.056 
0.048 

0.04 
0.034 

0.0357 
0.0733 
0.0208 

0.072 
0.004 
0.062 
0.05 

0.034 
0.066 

0.0276 
0.0186 
0.0321 
0.0342 
0.0315 
0.088 
0.038 

0.0214 
0.0162 
0.0223 
0.076 
0.062 

0.0767 
0.0528 
0.0575 
0.0448 
0.0423 
0.0515 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Location Sample No. 

46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE - 
47093 BH40776AE 

i 1 1 ',I ! j  

Start 
Depth 

0.5 
2.25 

4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

End 
Depth QC Code QC Partner 

-----__----- _-____------ -______--___-----_- 
2.25 REAL 
4.25 REAL 

6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP BH40742AE 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP BH40748AE 
8.6 REAL 

10.6 REAL 
12.5 REAL 
3.1 DUP BH40757AE 
3.1 REAL 

5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

Chemical 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM235 
URANIUM-235 
URANIUM-235 

Result 
_____------_ 

0.4156 
0.04 

0.1591 
0.1154 
0.0364 
0.3064 
0.0749 
0.0289 

-0.0051 
0.0977 
0.0532 
0.0314 
0.0384 
0.0283 
0.1049 
0.1179 
0.1386 
0.0316 
0.4983 
0.5 193 
0.1713 
0.3832 
0.0118 

0.019 
0.0235 
0.1185 

0.019 

Qual Valid 
-____-______ ----_______- 

Y 
J Y 

A 
A 

J A 
A 

J A 
J A 
J R 
J A 
J A 
J V 
J V 
J V 

V 
V 
V 

J V 
V 
V 
V 
V 

J V 
J A 
J A 

A 
J V 

Error 

0.18 
0.0507 
0.112 

0.0909 
0.054 
0.194 

0.0952 
0.0491 
0.0102 

0.103 
0.0718 
0.0509 
0.0547 
0.0439 
0.0763 
0.0864 

0.103 
0.045 
0.174 
0.691 
0.112 
0.164 

0.0399 
0.0505 
0.0471 
0.0969 

0.04 

___--___--__ 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start 
1,ocation Sample No. Dcpth 
..----..---_ _____._____._______ _____.._____ 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE a 41593 BH40419AE - 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 
42193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
421 93 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 

6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8.1 
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9.9 
16 
22 

28.3 
0.7 
6.1 

11.3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 

End 
Depth QC Code QC Partner Chemical Result Qual Valid 

8.4 REAL 
6 REAL 

12 REAL 
24 REAL 

2.9 REAL 
5 REAL 
5 REAL 

11 REAL 
18 REAL 
24 REAL 
5 REAL 
5 REAL 

8.1 REAL 
13 REAL 
7 REAL 
6 REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 

6 REAL 
8 REAL 

3.3 REAL 
2 REAL 
4 REAL 
6 REAL 

7.9 REAL 
6 REAL 

12 REAL 
5 REAL 

11 REAL 
6 REAL 

12 REAL 
6 DUP 
6 REAL 
2 REAL 
4 REAL 
6 REAL 

9.9 REAL 
16 REAL 
22 REAL 

28.3 REAL 
31.3 REAL 

6.1 REAL 
11.3 REAL 
12.9 REAL 

6 REAL 
8.1 REAL 

2 REAL 
4 DUP 
4 REAL 
6 REAL 
8 REAL 

10.2 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
U RANIUM-218 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40157AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40483AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-23 8 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40439AE URANIUM-238 
BH40112AE URANIUM-238 

URANIUM -23 8 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

11.3-267 

1.1 
0.797 
0.738 

1.26 
1.8 B 
1.9 B 
1.4 B 
1.1 B 

0.46 B 
1.1 B 

1 B  
1.2 B 
1.1 B 
1.3 B 

0.427 
1.7 B 

0.87 B 
2.5 B 
2.2 B 
1.1 
0.9 B 
1.1 B 
1.2 B 
8.3 B 
5.7 B 
4.4 B 
1.2 B 
5.1 B 
1.5 B 
1.4 B 

1 B  
0.77 
0.52 
0.83 

0.8473 
11 B 

1.1 B 
1.1 B 

0.93 B 
1.1 B 

1 B  
0.94 B 

1.1 B 
0.8252 
0.9267 
0.4895 

1.3 B 
1.1 B 
2.1 B 

0.76 B 
1.3 B 
1.1 B 

0.68 B 
0.69 B 
6.9 

0.87 
1.7 
1.3 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Error 

0.26 
0.187 
0.192 

0.26 
0.49 
0.55 
0.39 
0.41 
0.21 
0.34 
0.15 
0.16 
0.15 
0.17 

0.142 
0.64 
0.42 
0.69 
0.54 
0.43 
0.36 
0.51 
0.37 

1.3 
0.93 

0.8 
0.32 
0.81 
0.36 
0.52 
0.49 
0.18 
0.21 
0.19 

0.245 
1.7 

0.34 
0.46 
0.26 
0.17 
0.18 
0.17 
0.18 

0.315 
0.252 
0.175 
0.34 
0.32 
0.54 
0.29 
0.44 
0.38 
0.26 
0.28 

1.3 
0.25 
0.38 
0.32 

. - _ _ _ _ _ _ _ _ _ _  

I'nee 25 of 3- 



TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Qual , Valid Error 
------------ ..-____-----------_ __-------.-- __._-_______ _ _ _ _ _ _ _ _ _ _ _ _  _____._____________ ............................. ___-------__ ____-----.-. .___________ ___________. 

42593 BH40450AE 
42593 BH40290AE 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 

8 
10.2 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7.6 
0.5 
0.5 
5.3 

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23.4 
29.4 
35.4 
41.6 
47.6 

0 
0 

6.2 
0 
0 

6.2 
0 
0 
0 
6 

8.7 
0 
0 

0.75 
2.75 
4.75 
6.15 
8.75 
10.7 

10.2 REAL 
16.8 REAL 

6 REAL 
6 DUP 

10 REAL 
5 REAL 

1 1  REAL 
6 REAL 

10 REAL 
2 REAL 
4 REAL 

5.4 REAL 
7.6 REAL 

12.6 REAL 
5.3 DUP 
5.3 REAL 

11.3 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10 REAL 
13 REAL 
13 DUP 
6 REAL 

11.5 REAL 
6 REAL 

12 REAL 
6 REAL 
6 REAL 

10.4 REAL 
6 REAL 

12 REAL 
29.4 REAL 
35.4 REAL 
41.6 REAL 
47.6 REAL 
50.2 REAL 

5 REAL 
6.2 REAL 

11.4 REAL 
2.5 REAL 

5 REAL 
12.2 REAL 

6 REAL 
4 REAL 
6 REAL 

8.7 REAL 
22 REAL 

6 DUP 
6 REAL 

2.75 REAL 
4.75 REAL 
6.75 REAL 
8.75 REAL 
10.7 REAL 
16.4 REAL 

URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40141AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH403 19AE URANIUM-238 
URANIUM438 
URANIUM-238 
URANIUM-238 
U RANIUM-23 8 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 

BH40563AE URANIUM-238 
BH40525AE URANIUM-238 

URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
U RANIUM-23 8 
U RANIUM-23 8 
U RANIUM-23 8 
URANIUM-238 
U RANIUM-23 8 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40385AE URANIUM-238 
BH40562AE URANIUM-238 

URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

11.3-268 

0.92 
0.89 B 

0.827 
0.489 
0.768 

1.1 B 
1.7 B 

0.92 B 
0.88 B 
4.4 B 
2.3 B 

3 B  
2.2 B 
1.7 B 

0.7812 
0.962 
0.768 

1.2 B 
6.266 
3.949 
2.604 

2.6 B 
4.7 B 
1.4 B 
1.5 B 
5.9 B 

0.72 B 
1.4 B 

0.68 B 
1.083 
0.83 B 

0.5625 
0.491 
0.477 

1.4 B 
1.6 B 
1.9 B 

2 B  
1.6 B 

0.95 B 
0.583 

0.39 
0.9583 

1.07 
1.08 
1.4 B 

0.73 
0.9261 

1.051 
1.276 

1.5 B 
1.4 B 

1.38 
1.4 

1.768 
1.472 
1.237 
1.273 

A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 

A 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
A 
Y 
A 
A 
A 
A 

0.26 
0.17 
0.22 

0.157 
0.184 

0.31 
0.56 
0.28 
0.27 
0.74 
0.58 
0.52 
0.47 
0.46 

0.223 
0.248 
0.227 
0.29 

0.643 
0.425 
0.295 
0.62 

1 
0.44 
0.47 
0.94 
0.36 
0.47 
0.28 

0.264 
0.27 

0.185 
0.167 
0.157 

0.39 
0.55 
0.49 
0.27 
0.23 
0.3 

0.169 
0.134 
0.237 

0.28 
0.24 
0.37 
0.22 

0.134 
0.142 
0.156 

0.42 
0.41 

0.387 
0.315 
0.429 
0.371 
0.294 
0.359 
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TABLE 11.3.4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Location Sample No. Depth Depth QC Code QC Partner Chemical 
------------ ----------_-------- ----________ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

0.5 
2.25 

4.6 
6.6 
8.6 
0.5 
2.5 
4.5 
6.5 
8.5 
8.5 
0.5 
2.5 
4.6 
6.6 
6.6 
8.6 

11.5 
1.3 
1.3 
3.3 
5.5 
7.2 
0.7 
2.7 
4.8 
6.8 

2.25 REAL 
4.25 REAL 

6.6 REAL 
7.6 REAL 

14.8 REAL 
2.5 REAL 
4.5 REAL 
6.5 REAL 
8.5 REAL 

14.7 REAL 
14.7 DUP 
2.5 REAL 
4.6 REAL 
6.6 REAL 
8.6 DUP 
8.6 REAL 

10.6 REAL 
12.5 REAL 
3.1 DUP 
3.1 REAL 

5 REAL 
7 REAL 

13.1 REAL 
2.7 REAL 
4.7 REAL 
6.8 REAL 
8.8 REAL 

BH40742AE 

BH40748AE 

BH40757AE 

URANIUM238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 
U RANIUM-23 8 
URANIUM-238 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM238 
U RANIUM-23 8 
URANIUM238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

Result Qual Valid 

5.284 
0.938 
1.594 
1.968 

1.59 
2.624 

0.9931 
1.233 
1.257 
1.546 
1.123 

0.9252 
0.7835 

0.78 
1.531 
1.578 
1.786 
1.072 
11.48 
11.46 
4.725 
9.288 

1.15 
0.9419 
0.5164 

1.377 
1.058 

11.3-269 

Qualifier4 and validation codes are explained in Table 11.3.6-1 

Y 
Y 
A 
A 
A 
A 
A 
A 
R 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 

Error 

0.984 
0.268 
0.418 
0.466 
0.425 
0.719 
0.374 
0.344 
0.651 
0.479 
0.352 
0.292 
0.274 
0.247 
0.353 

0.37 
0.447 
0.303 

1.72 
1.81 

0.903 
1.52 
0.35 

0.347 
0.236 
0.378 
0.284 

_ _ _ _ _ _ _ _ _ _ _ _  



the calibrated background for the testing equipment. Cesium-134 was not analyzed in 
background soils. There does not appear to be any discernable pattern to the distribution of 
cesium-134 in the subsurface, either horizontally or vertically. 

Cesium- 137 

The cesium-137 analytical results are presented on Figures 11.3.4-25 through 11.3.4-27 
and in Table 11.3.4-4. Cesium-137 was detected in 91 of 96 samples analyzed (95 percent) and 
concentrations ranged from -0.0378 to 0.42 pCi/g. Only two of the detections exceeded the 
calculated background of 0.166 pCi/g. These occurred adjacent to the SEPs in the 0-6 foot 
interval in the berm between SEPs 207-A and 207-B Center, and just east of the berm for SEP 
207-B North. 

Gross Beta 

The gross beta analytical results are presented on Figures 11.3.4-28 through 11.3.4-30 and 
in Table 11.3.4-4. Gross beta was detected in all samples analyzed and concentrations ranged 
from 10 to 55 pcilg. Fifty-one of the 134 samples exceeded the calculated background of 27.99 
pCi/g. Gross beta results above background are found throughout OU4, and there is little 
correlation of results with proximity to the SEPs. 

Plutonium-239/240 

The plutonium-239/240 analytical results are presented on Figures 11.3.4-3 1 through 
11.3.4-33 and in Table 11.3.4-4. Plutonium was detected in 78 of 96 samples analyzed (81 
percent) and concentrations ranged from -0.0028 to 25 pCi/g. Thirty-seven of the detections 
exceeded the calculated background of 0.02 pCi/g. These lie predominantly in the 0-6 foot 
interval beneath the SEPs. Plutonium was not detected above background below 12 feet. 

Radi u m-22 6 

The radium-226 analytical results are presented on Figures 11.3.4-34 through 11.3.4-36 
and in Table 11.3.4-4. Radium-226 was detected in 82 of the 96 samples analyzed (87 percent) 
and concentrations ranged from 0.37 to 6.838 pCi/g. Fifty-nine of the detections exceeded the 
calculated background of 0.65 pCi/g. All of the samples obtained from beneath SEPs 207-B 
North and Center exceeded background, compared with only about half of the samples from 
beneath SEP 207-A exceeding background. All of the radium analyses of samples from 12 feet 
below the SEPs exceeded background. 

Strontium-89/90 

The strontium-89/90 analytical results are presented on Figures 11.3.4-37 through II.3.4- 
39 and in Table 11.3.4-4. Strontium was detected in 66 of the 96 samples analyzed (69 percent) 
and concentrations ranged from 0.0139 to 0.88 pCi/g. Only 12 of the detections exceeded the 
calculated background of 0.54 pCi/g. These lie beneath the SEPs. @ 
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Tritium 

The tritium analytical results are presented on Figures 11.3.4-40 through 11.3.4-42 and 
in Table 11.3.4-4. Tritium was detected in 115 of the 133 samples analyzed (87 percent) and 
concentrations ranged from 63.97 to 62,000 pCi/L. Of the 133 samples analyzed, 102 detections 
exceeded the calculated background of 212.2 pCi/L. The highest concentrations are found 
immediately beneath the SEPs in the 0-6 foot interval; however, elevated concentrations are also 
detected elsewhere in OU4 in the saturated zone, such as in the buffer zone. 

Uranium-233/234 

The uranium-233/234 analytical results are presented on Figures 11.3.4-43 through II.3.4- 
45 and in Table 11.3.4-4. Uranium-233/234 was detected in 133 of the 134 samples analyzed 
(99 percent) and concentrations ranged from 0.242 to 21 pCi/g. Of the 133 detection, 125 
exceeded the calculated background of 0.53 pCi/g. The highest concentrations are found 
immediately beneath the SEPs in the 0-6 foot interval; however, elevated concentrations are also 
detected elsewhere in OU4 in the saturated zone, such as in the buffer zone. 

Uranium-235 

The uranium-235 analytical results are presented on Figures 11.3.4-46 through 11.3.4-48 
and in Table 11.3.4-4. Uranium-235 was detected in 122 of the 134 samples analyzed (91 
percent) and concentrations ranged from -0.0104 to 0.87 pCi/g. Of the 122 detections, 33 
exceeded the calculated background of 0.1 pCi/g. These are found primarily beneath the SEPs, 
with the highest concentrations occurring in the 0-6 foot interval. 

0 
Uranium-238 

The uranium-238 analytical results are presented on Figures 11.3.4-49 through 11.3.4-5 1 
and in Table 11.3.4-4. Uranium-238 was detected in nearly all of the 134 samples analyzed (133 
out of 134) and concentrations ranged from 0.39 to 11.46 pCi/g. Of the 133 detections, 123 
exceeded the calculated background of 0.63 pCi/g. As with the other uranium isotopes, the 
highest concentrations of uranium-238 are found beneath the SEPs, primarily in the 0-6 foot 
interval. All of the samples that are below background are found either at the perimeter of the 
SEPs or outside of OU4. 

In summary, the radionuclide PCOCs are found at their highest concentrations beneath 
the SEPs, usually in the 0-6 foot interval. Some of the radionuclides (such as uranium-233/234 
and uranium-238) exceeded background concentrations throughout the total depth of many of the 
boreholes. Strontium, plutonium, and americium concentrations decrease to below background 
levels below 12 feet. 

II.3.4.3 Organic Potential Contaminants of Concern 

This section presents the analytical results for the organic PCOCs, which include acetone, 
bis(2-ethylhexyl)phthalate, methylene chloride, and toluene, from subsurface samples. These 
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compounds were determined to be PCOCs because they were detected in greater than five 
percent of the samples analyzed (as further described in Appendix 1II.A). Section 11.4, Nature 
and Extent of Contamination, provides a detailed analysis of their occurrences. 

@ 
Table 11.3.4-2 includes summary statistics for these compounds. Figures 11.3.4-52 

through 11.3.4-61 present the results graphically. In these figures, non-detections and detections 
qualified with a "J" (estimated concentrations above the instrument detection limit, but below 
the CRQL) are shown in black. Detections that have no laboratory qualifiers are posted in red 
to differentiate them from estimated results. 

Acetone 

The analytical results for acetone in subsurface soil and bedrock samples are presented 
on Figures 11.3.4-52 through 11.3.4-54 and in Table 11.3.4-5. Acetone was detected in 38 of 146 
samples analyzed (26 percent), and the detections ranged from 8 to 140 pglkg. Detectable 
concentrations of acetone occur throughout OU4, including at depth in the buffer zone. Despite 
the widespread occurrence of acetone throughout the RFP and the suspicion that it is a field- or 
laboratory-introduced contaminant, the highest detections do occur beneath the SEPs or berms 
surrounding them, which is described in further detail in Section 11.4. 

Methylene Chloride 

The analytical results for methylene chloride in subsurface soil and bedrock samples are 
presented on Figures 11.3.4-55 through 11.3.4-57 and in Table 11.3.4-5. Methylene chloride was 
detected in 74 of 146 samples analyzed (51 percent), and the detections ranged from 1 to 71 
pg/kg. Detectable concentrations of methylene chloride occur throughout OU4, including at 
depth in the buffer zone. It is suspected that methylene chloride is a field- or laboratory- 
introduced contaminant, because there is no discernable pattern to the distribution of methylene 
chloride in the subsurface, either horizontally or vertically, and it is found throughout the 
subsurface at the RFP. 

0 

Toluene 

The analytical results for toluene in subsurface soil and bedrock samples are presented 
on Figures 11.3.4-58 through 11.3.4-60 and in Table 11.3.4-5. Toluene was detected in virtually 
all of the 146 samples analyzed (145 of 146), and the detections ranged from 2 to 1,200 pg/kg. 
Toluene is known to occur throughout the RFP, as well as throughout OU4. There is no pattern 
to the distribution, either horizontally or vertically, and it is suspected that toluene is a field- or 
laboratory-introduced contaminant as discussed further in Section 11.4. Additionally, all of the 
duplicate pairs collected and analyzed for toluene failed the Relative Percent Difference (RPD) 
test as discussed in Section 11.3.6, Quality Assurance/Quality Control Results, thus casting 
doubts upon the accuracy and validity of the toluene analyses. 
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Start End 
Depth Depth e Location Sample No. 

40093 BH40168AE 
40093 BH40169AE 
40093 BH40171AE 
40193 BH40486AE 
40193 BH40487AE 
40193 BH40489AE 
40193 BH40491AE 
40193 BH40492AE 
40193 BH40494AE 
40193 BH40496AE 
40293 BH40119AE 
40293 BH40120AE 
40393 BH40124AE 
40393 BH40125AE 
40593 BH40098AE 
40593 BH40129AE 
40593 BH40130AE 
40593 BH40132AE 
40593 BH40393AE 
40593 BH40394AE 
40593 BH40399AE 
40693 BH40151AE 
40793 BH40158AE 
40793 BH40159AE 
40793 BH40161AE 
40893 BH40031AE 
40893 BH40032AE 
40893 BH40029AE 
40993 BH40202AE 
40993 BH40203AE 
40993 BH40205AE 
40993 BH40208AE 
41193 BH40050AE 
41193 BH40051AE 
41193 BH40053AE 
41293 BH40406AE 
41293 BH40197AE 
41293 BH40198AE 
41593 BH40210AE 
41.593 BH40211AE 
41593 BH40216AE 
41693 BH40218AE 
41693 BH40219AE 
41693 BH40221AE 
41693 BH40223AE 
41793 BH40244AE 
41793 BH40245AE 
41993 BH40063AE 
41993 BH40064AE 
41993 BH40107AE 
41993 BH40066AE 
42093 BH40484AE 
42093 BH40104AE 
42193 BH40436AE 
42193 BH40437AE 
42193 BH40090AE 
42293 BH40254AE 
42293 BH402SSAE 
42293 BH40257AE 
42393 BH40262AE 
42393 BH40263AE 
42393 BH40265AE 
42493 BH40113AE 
42493 BH40283AE 
42493 BH40284AE 
42493 BH40289AE 
42593 BH40291AE 

i 

1.3 
4.3 
9.7 
1.1 
5.1 
8.5 

12.9 
16.7 
21.2 
24.7 

1.6 
5.8 
1.7 
5.8 
1.5 
1.7 

5 
9.4 

13.8 
17.8 
21.8 

1.4 
1.3 
5.3 
9.7 

0.55 
4.35 
6.75 
1.35 
5.25 
9.4 

31.3 
1.35 
5.5 

9.75 
1.2 
1.4 

6 
1.85 
4.85 
7.45 
2.15 
5.55 
9.65 
17.1 
2.5 
5.4 
1.6 
5.2 
9.4 
9.6 
1.3 
5.7 
1.8 
6.1 
9.5 
3.7 
7.3 

10.9 
1 

5.55 
10.1 
2.2 
2.4 
4.7 
9.8 
1.7 

1.5 
4.55 
9.95 

1.3 
5.3 
8.7 

13.1 
16.9 
21.4 
24.9 
1.8 

6 
1.9 

6 
1.7 
1.9 
5.2 
9.6 
14 
18 
22 
1.6 
1.5 
5.5 
9.9 
0.8 
4.6 

7 
1.6 
5.5 
9.6 

31.4 
1.6 

5.75 
10.1 

1.4 
1.6 
6.2 
2.1 
5.1 
7.7 
2.4 
5.7 
9.8 

17.4 
2.7 
5.6 
1.8 
5.4 
9.6 
9.8 
1.5 
5.9 

2 
6.3 
9.7 
3.9 
7.5 

11.1 
1.25 
5.8 

10.4 
2.4 
2.6 
4.9 
10 
1.9 

TABLE 11.3.4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

QC Code QC Partner Chemical 
Detect 
Limit Result Units Qual. Val. 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 

ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

- ACETONE 
ACETONE 

BH40129AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40197AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40066AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40283AE ACETONE 
BH40113AE ACETONE 

ACETONE 
ACETONE 
ACETONE 

11.3-273 

11 UGIKG U 
12 UGKG U 
61 UGKG U 
14 UGIKG 
11 UGIKG U 
15 UGIKG U 
8 UGIKG J 

3S UGKG 
34 UGKG U 
35 UGKG U 
12 UGIKG U 
12 UGKG U 
12 UGIKG U 
14 UGKG 
13 U G Z G  U 
11 UGKG U 
11 UGIKG U 
12 UGIKG U 
12 UGIKG U 
48 UGKG 
47 UGKG 
13 UGKG U 
64 UGlKG U 
12 UGlKG U 
13 UGIKG U 

220 UGIKG U 
21 UGIKG U 
16 UGKG U 
15 UGKG 
13 UGIKG 
13 UGIKG 
15 UGIKG 
12 UGIKG U 
13 UGIKG 
17 UGIKG 
11 UGKG U 
56 UGIKG U 
12 UGIKG U 
57 UGlKG U 
16 UGIKG 
12 UGlKG U 
18 UGIKG U 
29 UGIKG U 
32 UGIKG U 
38 UGKG U 
10 UGIKG U 
11 UGIKG U 
11 UGIKG U 
11 UGKG U 
11 UGKG U 
12 U G Z G  U 
52 UGIKG J 
35 UGIKG 
24 UGIKG U 
11 UGKG U 
12 UGIKG U 
17 UGIKG 
51 UGIKG 
42 UGKG 
12 UGIKG U 
43 UGIKG 
12 UGIKG U 
31 UGIKG U 
50 UGIKG U 
24 UGIKG U 
31 UGIKG U 

140 UGIKG B 

V 
V 
R 
V 
JA 
JA 
A 
V 
JA 
JA 
R 
R 
V 
V 
R 
R 
R 
R 
R 
JA 
JA 
JA 
V 
J A  
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
J A  
JA 
V 
JA 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
R 
R 
A 
V 
V 
V 
V 
JA 
JA 
JA 
R 
JA 
V 
JA 
JA 
JA 
JA 
V 

11 
12 
61 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
11 
11 
12 
12 
24 
12 
13 
64 
12 
12 
10 
10 
10 
11 
11 
11 
12 
12 
11 
13 
11 
56 
12 
57 
10 
12 
10 
14 
11 
12 
10 
11 
11 
11 
11 
12 
57 
12 
24 
11 
12 
11 
10 
12 
12 
10 
12 
12 
13 
11 
12 
12 



Start End 
Location Sample No. Depth Depth 

42593 BH40292AE 
42593 BH40294AE 
42993 BH4009SAE 
42993 BH40143AE 
42993 BH40145AE 
42993 BH40142AE 
42993 BH40147AE 
43193 BH40409AE 
43193 BH40411AE 
43193 BH40307AE 
43193 BH40308AE 
43293 BH40042AE 
43293 BH40043AE 
43293 BH4004SAE 
43393 BH40325AE 
43393 BH40326AE 
43393 BH40331AE 
43493 BH40574AE 
43493 BH4057SAE 
43493 BH40320AE 
43493 BH40321AE 
43493 BH40323AE 
43593 BH40181AE 
43593 BH40182AE 
43593 BH40187AE 
43693 BH40341AE 
43693 BH40342AE 
43693 BH40344AE 
43693 BH40347AE 
43793 BH40333AE 
43793 BH40334AE 
43793 BH40336AE 
43793 BH40339AE 
43893 BH40007AE 
43893 BH40071AE 
43893 BH40027AE 
43893 BH40072AE 
43893 BH40076AE 
43893 BH40074AE 
43893 BH40077AE 
43993 BH40354AE 
43993 BH40355AE 
43993 BH40360AE 
44093 BH40349AE 
44093 BH40350AE 
44093 BH40352AE 
44193 BH40079AE 
44193 BH40080AE 
44193 BH40082AE 
44193 BH40084AE 
44393 BH40025AE 
44393 BH40034AE 
44393 BH4003SAE 
44393 BH40037AE 
44593 BH40002AE 
44593 BH40003AE 
44593 BH40004AE 
44593 BH40006AE 
44793 BH40137AE 
44793 BH40135AE 
44893 BH40102AE 
44893 BH40190AE 
44893 BH40189AE 
44893 BH40192AE 
44893 BH4019SAE 
44893 BH40194AE 
45691 BH40375AE 

5.4 
9.8 
1.1 

1.35 
5.35 
9.35 
13.8 

1.3 
1.5 
5.6 

2.25 
5.15 
11.1 

2 
5.3 
9.2 

NA 

NA 
NA 

1.9 
5.3 

10.1 
1.35 

5 
9.75 

2.7 
6.3 
9.3 

12.6 
7.25 
5.25 
9.25 
14.2 

1.15 
5.25 
5.5 

9.15 
12.35 

15 
1.1 
5.2 
17 
1.3 

5.55 
14.55 

0.3 
4.3 
8.4 

13.8 

1.1 
5.4 
9.6 
0.5 
5.6 
9.3 

13.8 
1.4 
4.1 
1.3 

1.5s 
s.55 

7 
12 

15.9 
1.05 

MA 

NA 

5.6 
10 

1.35 
1.6 
5.6 
9.5 
14 

1.5 
1.7 
5.8 
2.5 
5.3 

11.3 
2.2 
5.5 
9.4 

2.1 
5.5 

10.3 
1.6 

5.25 
10 

2.9 
6.5 
9.5 

12.8 
1.4 
5.5 
9.4 

14.5 

1.3 
5.5 

5.75 
9.4 

12.6 
15.25 
1.35 
5.45 

17.25 
1.5 
5.8 

14.8 
0.5 
4.5 
8.6 
14 

1.3 
5.6 
9.8 
0.7 
5.8 
9.5 
14 

1.55 
4.35 
1.5.5 
1.8 
5.8 
7.2 

12.2 
16.1 
1.3 

TABLE 11.3.4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
RNS 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
RNS 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

ACETONE 
ACETONE 

BH40143AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40307AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40320AE ACETONE 
BH40322AE ACETONE 

ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40072AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40190AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

11.3-274 

140 UGIKG B 
120 UGIKG B 
11 UGIKG U 
10 UGKG U 
12 UGIKG U 
13 UGIKG U 
12 UGIKG U 
13 U G L  U 
21 UGIKG U 
25 UGIKG U 
10 UGIKG U 
13 UGIKG U 
11 UGIKG U 
12 UGIKG U 
15 UGIKG U 
13 UGIKG U 
12 UGIKG U 
10 UGlL U 
10 UGIL U 
12 UGIKG U 

110 UGKG 
84 UGIKG 
11 UGIKG U 
10 UGIKG U 
12 UGIKG U 
22 UGKG U 
11 UGIKG U 
11 UGIKG U 
28 UGIKG 
11 UGIKG U 
17 UGIKG U 
11 UGIKG U 
12 UGIKG U 
9 UGiL J 

23 UGiKG U 
31 UGIKG 
17 UGIKG U 
11 UGIKG U 
IS UGIKG U 
61 UGIKG U 
72 UGIKG 
14 UGIKG 
16 UGIKG U 
15 UGKG J 
11 UGIKG B 
15 UG/KG 
56 UGKG U 
31 UGIKG U 
11 UGiKG U 
12 UGiKG U 
8 UGIL J 

57 UGIKG U 
. 25 UGIKG U 

11 UGIKG J 
34 UGIKG U 
27 UGKG U 
40 UGIKG U 
38 UGIKG U 
55 UGIKG U 
12 UGIKG U 
11 UGIKG U 
11 UG/KG U 
11 UGIKG U 
13 UGIKG U 
11 UGIKG U 
12 UGIKG U 
13 UGIKG U 

V 
V 
R 
R 
V 
R 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
JA 
V 
V 
V 
JA 
JA 
JA 
JA 
A 
JA 
V 
JA 
V 
JA 
JA 
V 
V 
JA 
A 
V 
V 
JA 
JA 
V 
JA 
A 
V 
V 
A 
JA 
JA 
JA 
JA 
V 
V 
R 
R 
R 
V 
V 
V 
V 

11 
12 
11 
10 
12 
13 
12 
10 
21 
21 
10 
13 
11 
12 
11 
13 
12 
10 
10 
12 
12 
11 
11 
10 
12 
11 
11 
11 
12 
11 
12 
11 
12 
10 
12 
11 
11 
11 
11 
61 
11 
11 
13 
23 
11 
12 
56 
11 
11 
12 
10 
57 
25 
13 
10 
10 
10 
10 
55 
12 
11 
11 
11 
13 
11 
12 
13 



TABLE 113.4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

45693 BH40376AE 
45693 BH40373AE 
45793 BH40558AE 
45793 BH40560AE 
45893 BH40457AE 
45893 BH40378AE 
45893 BH40379AE 
4.5893 BH40556AE 
45893 BH40381AE 
46193 BH40386AE 
46193 BH40561AE 
46193 BH40387AE 
46293 BH40566AE 
46293 BH40564AE 
46593 BH40701AE 
46593 BH40704AE 
46593 BH40712AE 
46693 BH40716AE 
46693 BH40719AE 
46693 BH40719AE 
46693 BH40727AE 
46793 BH40730AE 
46793 BH40733AE 
46793 BH40741AE 
46893 BH40744AE 
46893 BH40747AE 
46893 BH40750AE 
46893 BH40755AE 
46993 BH40820AE 
46993 BH40758AE 
46993 BH40769AE 

42193 BH40427AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42493 BH40440AE 
42593 BH40448AE 
42593 BH40450AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH4057SAE 
43493 BH40319AE 
43493 BH40573AE 
43493 BH40322AE 
43693 BH40520AE 
43693 BH40563AE 
46593 BH40786AE 
46593 BH40713AE 
46693 BH40792AE 
46693 BH40728AE 
46793 BH40798AE 
46793 BH40742AE 
46893 BH40804AE 
46893 BH40807AE 
46993 BH40810AE 
46993 BH40770AE 
47093 BH4081GAE 

40093 BH40168AE 
40093 BH40169AE 
40093 BH40171AE 
40193 BH40486AE 
40193 BH40487AE 
40193 BH40489AE 

5.35 
8.55 
1.25 
5.45 

2.2 
5 

5.25 
9.25 
0.4 
0.4 
7.6 
2.4 
2.6 
2.2 

5.7.5 
9.95 
1.2 
5.75 
5.75 
14.3 
1.25 
5.75 
8.05 
1.35 
6.15 
10 

11.9 
2.4 
2.65 
6.55 

NA 

4 
0.7 
6.1 
11.3 
4 
4 
8 
4 

7.6 

0.5 
0.5 
5.3 
4 

10 
0.75 
10.7 
0.5 
8.6 
0.5 
8.5 
0.5 
6.5 
1.3 
7.2 
0.7 

NA 

1.3 
4.3 
9.7 
1.1 
5.1 
8.5 

5.6 
8.8 
1.5 
5.7 

2.4 
5.2s 
5.5 
9.5 
0.6 
0.6 
7.8 
2.6 
2.8 
2.45 
6.75 
10.2 
1.45 
6 
6 

14.6 
1.5 
6 

8.3 
1.6 
6.4 
10.3 
12.2 
2.65 
2.9 
6.8 

6 
6.1 
11.3 
12.9 
6 
6 

10.2 
5.4 
12.6 

5.3 
5.3 
11.3 
6 
13 

6.75 
16.4 
6.6 
14.8 
6.5 
14.7 
6.6 
11.5 
5 

13.1 
6.8 

1.5 
4.55 
9.95 
1.3 
5.3 
8.7 

REAL 
REAL 
REAL 
REAL 
RNS 
REAL 
REAL 
DUP 
REAL 
REAL 
DUP 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
REAL 
DUP 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

BH40413AE 
BH40379AE 

BH40561AE 
BH40386AE 

BH40563AE 

BH40758AE 

BH40322AE 

BH40319AE 

BH40525AE 

ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHf5XYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYL.HEXYL)PHTHALATF 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BlS(2-ETHYLHEXYL)PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

11.3-275 

12 UGIKG U 
12 UGIKG U 
65 UGIKG U 
22 UGIKG U 
23 UGIL 
17 UGIKG U 
60 UGKG B 
12 UGIKG U 
11 UGKG U 
60 UGIKG U 
17 UGKG U 
23 UGKG U 
21 UGKG 
12 UGIKG U 
11 UGKG U 
11 UGIKG U 
12 UGKG U 
65 UGIKG 
11 UGIKG U 
35 UGIKG 
17 UGIKG 
13 UGIKG U 
12 UGIKG U 
12 UGIKG U 
37 UGIKG 
46 UGKG 
40 UGKG 
12 UGKG U 
11 UGIKG U 
11 UGKG U 
13 UGIKG U 

45 UGIKG J 
390 UGIKG U 
400 UGKG U 
400 UGIKG U 
38 UGKG J 
360 UGIKG U 
380 UGIKG U 
360 UGIKG U 
390 UGIKG U 
10 UGIL U 
380 UGIKG U 
370 UGKG U 
370 UGKG U 

SO UGKG J 
390 UGKG U 
360 UGIKG U 
46 UGKG J 

380 UGKG U 
390 UGKG U 
370 UGIKG U 
390 UGKG U 
370 UGIKG U 
350 UGIKG U 
350 UGIKG U 
390 UGKG U 
350 UGIKG U 

3 UGKG J 

9 UGIKG J 
2 UGKG J 
3 UGKG J 
9 UGlKG 

12 UGKG 

V 
V 
JA 
JA 
V 
JA 
V 
V 
V 
V 
JA 
JA 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
JA 
SA 
JA 
R 
R 
R 
R 

A 
JA 
JA 
V 
A 
V 
V 
V 
V 
JA 
V 
V 
V 
A 
V 
V 
A 
V 
V 
V 
V 
Y 
Y 
Y 
Y 
Y 

A 
V 
A 
A 
A 
V 

12 
12 
65 
11 
10 
12 
12 
12 
11 
60 
12 
12 
13 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 

3 60 
390 
400 
400 
3 GO 
3 60 
3 80 
360 
390 
io 
380 
370 
370 
360 
390 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

6 
6 
30 
5 
6 
6 

I' LCL 1 . 



TABLE 11.3.4-5 

Start End 
Depth Depth 0 Location Sample No. 

40193 BH40491AE 
40193 BH40492AE 
40193 BH40494AE 
40193 BH40496AE 
40293 BH40119AE 
40293 BH40120AE 
40393 BH40124AE 
40393 BH40125AE 
40593 BH40098AE 
40593 BH40129AE 
40593 BH40130AE 
40593 BH40132AE 
40593 BH40393AE 
40593 BH40394AE 
40593 BH40399AE 
40693 BH40151AE 
40793 BH40158AE 
40793 BH40159AE 
40793 BH40161AE 
40893 BH40031AE 
40893 BH40032AE 
40893 BH40029AE 
40993 BH40202AE 
40993 BH40203AE 
40993 BH40205AE 
40993 BH40208AE 
41193 BH40050AE 
41193 BH40051AE 
41193 BH40053AE 
41293 BH40406AE 
41293 BH40197AE 
41293 BH40198AE 
41593 BH40210AE 
41593 BH40211AE 
41593 BH40216AE 
41693 BH40218AE 
41693 BH40219AE 
41693 BH40221AE 
41693 BH40223AE 
41793 BH40244AE 
41793 BH40245AE 
41993 BH40063AE 
41993 BH40064AE 
41993 BH40107AE 
41993 BH40066AE 
42093 BH40484AE 
42093 BH40104AE 
42193 BH40436AE 
42193 BH40437AE 
42193 BH40090AE 
42293 BH40254AE 
42293 BH40255AE 
42293 BH40257AE 
42393 BH40262AE 
42393 BH40263AE 
42393 BH4026SAE 
42493 BH40113AE 
42493 BH40283AE 
42493 BH40284AE 
42493 BH40289AE 
42593 BH40291AE 
42593 BH40292AE 
42593 BH40294AE 
42993 BH40095AE 
42993 BH40143AE 
42993 BH40145AE 
42993 BH40142AE 

12.9 
16.7 
21.2 
24.7 

1.6 
5.8 
1.7 
5.8 
1.5 
1.7 

5 
9.4 

13.8 
17.8 
21.8 
1.4 
1.3 
5.3 
9.7 

0.5s 
4.35 
6.75 
1.35 
5.25 
9.4 

31.3 
1.35 
5.5 

9.75 
1.2 
1.4 

6 
1.85 
4.85 
7.45 
2.15 
5.55 
9.65 
17.1 
2.5 
5.4 
1.6 
5.2 
9.4 
9.6 
1.3 
5.7 
1.8 
6.1 
9.5 
3.7 
7.3 

10.9 
1 

5.55 
10.1 
2.2 
2.4 
4.7 

1.7 
5.4 
9.8 
1.1 

1.35 
5.35 
9.35 

9.8 

13.1 
16.9 
21.4 
24.9 
1.8 

6 
1.9 

6 
7.7 
1.9 
5.2 
9.6 
14 
18 
22 
1.6 
1.5 
5.5 
9.9 
0.8 
4.6 

7 
1.6 
5.5 
9.6 

31.4 
1.6 

5.75 
10.1 
1.4 
1.6 
6.2 
2.1 
5.1 
7.7 
2.4 
5.7 
9.8 

17.4 
2.7 
5.6 

5.4 
9.6 

1.5 
5.9 

2 
6.3 
9.7 
3.9 
7.5 

11.1 
1.25 
5.8 

10.4 
2.4 
2.6 
4.9 
10 

1.9 
5.6 
10 

1.35 
1.6 
5.6 
9.5 

1.8 

9.8 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

QC Code QC Partner Chemical 
Detect 

Result Units Qual. Val. Limit 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 

BH40129AE 

BH40197AE 

BH40066AE 

BH40283AE 
BH40113AE 

BH40143AE 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
.METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

iMETHYLENE CHLORIDE 

11.3-276 

7 UGIKG 
11 UGIKG 
16  U G K G  
11 UGIKG 
2 U G K G  J 
1 UGIKG J 
6 U G K G  U 
6 U G K G  

30 UGIKG 
2.5 U G K G  

17 UGiKG 
18 UGIKG 
9 UGIKG J 

19 UGIKG 
7 UGiKG 

32 UGiKG U 
6 UGIKG U 
6 U G K G  U 

29 U G Z G  U 
5 UGiKG U 
6 UGIKG U 
3 UGiKG J 
1 U G K G  J 
6 UGIKG U 
6 U G K G  U 
6 UGIKG U 
5 U G K G  U 
7 UGIKG 
6 UGIKG U 

a UGIKG 

28 UGIKG u 

28 UGIKG u 
6 UGIKG U 

5 UGIKG U 
2 UGIKG J 
8 U G K G  

39 U G K G  
16 UGiKG 
20 UGIKG 
3 UGIKG J 
4 UGIKG J 
6 UGIKG 
2 UGIKG J 
6 UGIKG 
5 U G K G  J 

29 UGIKG U 
6 UGIKG U 

12 UGIKG U 
5 UGIKG U 
6 UGIKG U 
6 UGiKG U 
5 UGIKG U 
6 UGIKG U 
7 U G K G  
5 UGIKG 
5 UGlKG J 
7 UGIKG 

2 UGIKG J 
7 UGIKG 

69 UGIKG 
31 UGjKG 
65 UGIKG 

a UGIKG 

5 UGIKG U 
5 UGIKG U 
6 UGIKG U 
7 UGIKG U 

V 
V 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
JA 
JA 
JA 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
V 
A 
V 
A 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
A 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 

6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
5 
6 
6 

12 
6 
6 

32 
6 
6 
5 
ti 
5 
6 
5 
6 
6 
6 
5 
7 
6 

28 
6 

28 
5 
6 
5 
7 
6 
6 
5 
6 
5 
5 
6 
6 

29 
6 

12 
5 
6 
6 
5 
6 
6 
5 
6 
6 
6 
5 
6 
6 
5 
6 
5 
5 
6 
7 



Start End 
Location SampleNo. Depth Depth 

42993 BH40147AE 
43193 BH40409AE 
43193 BH40411AE 
43193 BH40307AE 
43193 BH40308AE 
43293 BH40042AE 
43293 BH40043AE 
43293 BH40045AE 
43393 BH40325AE 
43393 BH40326AE 
43393 BH40331AE 
43493 BH40575AE 
43493 BH40574AE 
43493 BH40320AE 
43493 BH40321AE 
43493 BH40323AE 
43593 BH40181AE 
43593 BH40182AE 
43593 BH40187AE 
43693 BH40341AE 
43693 BH40342AE 
43693 BH40344AE 
43693 BH40347AE 
43793 BH40333AE 
43793 BH40334AE 
43793 BH40336AE 
43793 BH40339AE 
43893 BH40007AE 
43893 BH40071AE 
43893 BH40027AE 
43893 BH40072AE 
43893 BH40076AE 
43893 BH40074AE 
43893 BH40077AE 
43993 BH40354AE 
43993 BH40355AE 
43993 BH40360AE 
44093 BH40349AE 
44093 BH40350AE 
44093 BH40352AE 
44193 BH40079AE 
44193 BH40080AE 
44193 BH40082AE 
44193 BH40084AE 
44393 BH4002SAE 
44393 BH40034AE 
44393 BH40035AE 
44393 BH40037AE 
44593 BH40002AE 
44593 BH40003AE 
44593 BH40004AE 
44593 BH40006AE 
44793 BH40137AE 
44793 BH4013SAE 
44893 BH40102AE 
44893 BH40190AE 
44893 BH40189AE 
44893 BH40192AE 
44893 BH4019SAE 
44893 BH40194AE 
45693 BH4037SAE 
45693 BH40376AE 
45693 BH40373AE 
45793 BH40558AE 
45793 BH40560AE 
45893 BH40457AE 
45893 BH40378AE 

13.8 

1.3 
1.5 
5.6 

2.25 
5.15 
11.1 

2 
5.3 
9.2 

NA 

NA 
NA 

1.9 
5.3 

10.1 
1.35 

5 
9.7s 
2.7 
6.3 
9.3 

12.6 
1.25 
5.25 
9.25 
14.2 

1.15 
5.25 
5.5 

9.15 
12.35 

IS  
1.1 
5.2 
17 

1.3 
5.55 

14.55 
0.3 
4.3 
8.4 

13.8 

1.1 
5.4 
9.6 
0.5 
5.6 
9.3 

13.8 
1.4 
4.1 
1.3 

1.55 
5.55 

7 
12 

15.9 
1.05 
5.35 
8.55 
1.25 
5.45 

2.2 

NA 

NA 

NA 

14 

1.5 
1.7 
5.8 
2.5 
5.3 

11.3 
2.2 
5.5 
9.4 

2.1 
5.5 

10.3 
1.6 

5.25 
10 

2.9 
6.5 
9.5 

12.8 
1.4 
5.5 
9.4 

14.5 

1.3 
5.5 

5.75 
9.4 

12.6 
15.25 
1.35 
5.45 

17.25 
1.5 
5.8 

14.8 
0.5 
4.5 
8.6 
14 

1.3 
5.6 
9.8 
0.7 
5.8 
9.5 
14 

1.55 
4.35 
1.55 
1.8 
5.8 
7.2 

12.2 
16.1 
1.3 
5.6 
8.8 
1.5 
5.7 

2.4 

TABLE 113.4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

REAL 
RNS 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
RNS 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
REAL 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40307AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40322AE METHYLENE CHLORIDE 
BH40320AE METHYLENE CHLORIDE 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORlDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40072AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH4019OAE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

11.3-277 

Detect 
Result Units Qual. Val. Limit 

9 UGIKG 
16 UGIL 
2 UGIKG J 

11 UGiKG U 
5 UGIKG U 
7 UGIKG U 
5 UGiKG U 
3 UGiKG J 
5 UGIKG U 
2 UGIKG J 
3 UGIKG J 
5 UGlL U 
5 UGA. U 
6 UGIKG U 
6 UGKG U 
6 UGIKG U 

5 UGIKG U 

6 UGKG U 
5 UG/KG U 
5 UGKG U 
6 UGKG U 
5 UGKG U 
6 UGlKG U 
5 UGIKG U 
1 UGKG J 
5 UGiL U 
7 UGIKG 
3 UGKG J 
2 UGIKG J 
6 UGiKG J 

10 UGKG 
31 UGiKG U 
7 UGJKG 
5 UGKG U 
5 UGIKG J 

11 UGKG J 
19 UGIKG 
12 UGIKG 
28 UGIKG U 

6 UGKG U 
5 UGiKG U 
6 UGIKG U 
2 UGIL J 

28 UGiKG U 
13 UGIKG 
4 UGIKG J 

14 UGIKG U 
6 UGIKG U 
7 UGiKG U 
7 UGIKG U 

27 UGKG U 
7 UGKG 
2 UGiKG J 
5 UGKG J 
3 UGKG J 
9 UGIKG 
2 UGIKG J 
4 UGKG J 
7 UGIKG U 
2 UGIKG J 
3 UGIKG J 

32 UGIKG U 
2 UGiKG J 
S UGiL U 

12 UGKG 

25 UGIKG 

49 UGIKG 

V 
V 
A 
V 
V 
V 
V 
A 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 
V 
JA 
JA 
JA 
JA 
A 
V 
V 
A 
JA 
JA 
JA 
JA 
V 
V 
A 
A 
A 
V 
A 
A 
V 
A 
A 
V 
A 
V 
V 

6 
5 

11 
11 
5 
7 
5 
6 
5 
6 
6 
5 
5 
6 
6 
6 
6 
5 
6 
6 
5 
5 
6 
5 
G 
5 
6 
5 
G 
5 
6 
6 
5 

31 
6 
5 
7 

12 
6 
6 

28 
6 
5 
6 
5 

28 
12 
6 
5 
5 
5 
5 

27 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 

32 
6 
5 
6 



Start End 
1.ocation Sample No. Depth Depth 

45893 BH40379AE 
45833 BH40556AE 
45893 BN40381AE 
46193 BH40561AE 
46193 BH40386AE 
46193 BN40387AE 
46293 BH40566AE 
46293 BH40564AE 
46593 BH40701AE 
46593 BH40704AE 
46593 BH40712AE 
46693 BH40716AE 
46693 BH40719AE 
46693 BH40719AE 
46693 BH40727AE 
46793 BN40730AE 
46793 BH40733AE 
46793 BH40741AE 
46893 BH40744AE 
46893 BH40747AE 
46893 BH40750AE 
46893 BH40755AE 
46993 BH40820AE 
46993 BH40758AE 
46993 BN40769AE 

40093 BH40168AE 
40093 BH40169AE 
40093 BH40171AE 
40193 BH40486AE 
40193 BH40487AE 
40193 BH40489AE 
40193 BH40491AE 
40193 BH40492AE 
40193 BH40494AE 
40193 BH40496AE 
40293 BH40119AE 
40293 BH40120AE 
40393 BH40124AE 
40393 BH40125AE 
40593 BH40098AE 
40593 BH40129AE 
40.593 BH40130AE 
40593 BH40132AE 
40593 BH40393AE 
40593 BH40394AE 
40593 BH40399AE 
40693 BH40151AE 
40793 BH40158AE 
40793 BH40159AE 
40793 BH40161AE 
40893 BH4003lAE 
40893 BH40032AE 
40893 BH40029AE 
40993 BH40202AE 
40993 BH40203AE 
40993 BH40205AE 
40993 BH40208AE 
41193 BH40050AE 
41193 BH40051AE 
41193 BH40053AE 
41293 BH40406AE 
41293 BH40197AE 
41293 BH40198AE 
41593 BH40210AE 
41593 BH40211AE 

- , -  . . . ' 1  

5 
5.25 
9.25 
0.4 
0.4 
7.6 
2.4 
2.6 
2.2 

5.75 
9.95 

1.2 
5.75 
5.75 
14.3 
1.25 
5.75 
8.05 
1.35 
6.15 

10 
11.9 
2.4 

2.65 
6.55 

1.3 
4.3 
9.7 
1.1 
5.1 
8.5 

12.9 
16.7 
21.2 
24.7 

1.6 
5.8 
1.7 
5.8 
1.5 
1.7 

5 
9.4 

13.8 
17.8 
21.8 
1.4 
1.3 
5.3 
9.7 

0.55 
4.35 
6.75 
1.35 
5.25 
9.4 

31.3 
1.35 
5.5 

9.75 
1.2 
1.4 

6 
1.85 
4.85 

5.25 
5.5 
9.5 
0.6 
0.G 
7.8 
2.6 
2.8 

2.45 
6.75 
10.2 
1.45 

6 
6 

14.6 
1.5 

6 
8.3 
1.6 
6.4 

10.3 
12.2 
2.65 
2.9 
6.8 

1.5 
4.55 
9.95 
1.3 
5.3 
8.7 

13.1 
16.9 
21.4 
24.9 

1.8 
6 

1.9 
6 

1.7 
1.9 
5.2 
9.6 
14 
18 
22 
1.6 
1.5 
5.5 
9.9 
0.8 
4.6 

7 
1.6 
5.5 
9.6 

31.4 
1.6 

5.75 
10.1 
1.4 
1.6 
6.2 
2.1 
5.1 

TABLE 113.4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

REAL 
DUP 
REAL 
DUP 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 

REAL 

BH40411AE METHYLENE CHLORIDE 
BH40179AE METHYLENE CHLORIDE 

METHYLENE CHLORIDE 
BH40186AE METHYLENE CHLORIDE 
BH40561AE METHYLENE CHLORIDE 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40561AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40758AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE? CHLORIDE 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40129AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40197AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

11.3-278 

71 UGIKG 
59 UGIKG 
24 U G K G  
7 UGIKG 

30 UGIKG U 
5 U G K G  J 
6 U G K G  U 
6 UGIKG U 
5 UGIKG U 
6 UGIKG U 
6 U G K G  U 
6 UGIKG U 
6 UGIKG U 
6 U G K G  U 
6 UGKG U 
6 UGIKG U 
6 UGIKG U 
6 U G K G  U 
5 UGIKG U 
4 U G K G  J 
5 UGIKG U 
5 UGIKG J 
6 UGIKG U 
5 U G K G  U 
6 UGIKG U 

130 UGIKG 
170 UGIKG 
330 U G K G  
47 UGIKG 

200 UGIKG 
150 U G K G  

88 UGIKG 
230 UGIKG 
103 UGIKG 
120 UG/KG 
13 UGIKG 
56 U G K G  

110 UGIKG 
88 UGIKG 

140 UGIKG 
120 UGIKG 
180 UGIKG 
160 UGiKG 
150 U G K G  
250 U G K G  
110 UGIKG 
110 UGIKG 

1200 UGIKG 
150 UGIKG 
54 U G K G  

1100 U G K G  
72 U G K G  

220 UG/KG 
130 UGIKG 
71 UG!KG 
23 U G K G  
17 UGIKG 
21 UG/KG 
95 UGIKG 

180 UGIKG 
55 UGIKG 

180 UGIKG 
100 UG/KG 
470 UGiKG 
91 UG!KG 

V 
V 
V 
V 
V 
A 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
V 
A 
V 
A 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

6 
6 
5 
6 

30 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 

30 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
1 
6 
5 
6 
6 

12 
6 
6 

32 
6 
6 
5 
5 
5 
G 
5 
6 
6 
6 
5 
7 
6 

28 
6 

28 
5 

P1oe 1, t ' 



TABLE 113.44 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Depth Depth e Location Sample No. 

41593 BH40216AE 
41693 BH40218AE 
41693 BH40219AE 
41693 BH40221AE 
41693 BH40223AE 
41793 BH40244AE 
41793 BH40245AE 
41993 BH40063AE 
41993 BH40064AE 
41993 BH40107AE 
41993 BH40066AE 
42093 BH40484AE 
42093 BH40104AE 
42193 BH40436AE 
42193 BH40437AE 
42193 BH40090AE 
42293 BH40254AE 
42293 BH40255AE 
42293 BH40257AE 
42393 BH40262AE 
42393 BH40263AE 
42393 BH40265AE 
42493 BH40113AE 
42493 BH40283AE 
42493 BH40284AE 
42493 BH40289AE 
42593 BH40291AE 
42593 BH40292AE 
42593 BH40294AE 
42993 BH40095AE 
42993 BH40143AE 
42993 BH4014SAE 
42993 BH40142AE 
42993 BH40147AE 
43193 BH40409AE 
43193 BH40411AE 
43193 BH40307AE 
43193 BH40308AE 
43293 BH40042AE 
43293 BH40043AE 
43293 BH4004SAE 
43393 BH40325AE 
43393 BH40326AE 
43393 BH40331AE 
43493 BH40574AE 
43493 BH40575AE 
43493 BH40320AE 
43493 BH40321AE 
43493 BH40323AE 
43593 BH40181AE 
43593 BH40182AE 
43593 BH40187AE 
43693 BH40341AE 
43693 BH40342AE 
43693 BH40344AE 
43693 BH40347AE 
43793 BH40333AE 
43793 BH40334AE 
43793 BH40336AE 
43793 BH40339AE 
43893 BH40007AE 
43893 BH40071AE 
43893 BH40027AE 
43893 BH40072AE 
43893 BH40076AE 
43893 BH40074AE 
43893 BH40077AE 

7.45 
2.15 
5.55 
9.65 
17.1 
2.5 
5.4 
1.6 
5.2 
9.4 
9.6 
1.3 
5.7 
1.a 
6.1 
9.5 
3.7 
7.3 

10.9 
1 

5.55 
10.1 
2.2 
2.4 
4.7 
9.8 
1.7 
5.4 
9.8 
1.1 

1.35 
5.35 
9.35 
13.8 

1.3 
1.5 
S.6 

2.25 
5.15 
11.1 

2 
5.3 
9.2 

NA 

NA 
NA 

1.9 
5.3 

10.1 
1.35 

5 
9.75 
2.7 
6.3 
9.3 

12.6 
1.25 
5.25 
9.25 
14.2 

1.15 
5.25 
5.5 

9.15 
12.35 

15 

NA 

7.7 
2.4 
5.7 
9.8 

17.4 
2.7 
S.6 
1.8 
5.4 
9.6 
9.8 
1.5 
5.9 

2 
6.3 
9.7 
3.9 
7.5 

11.1 
1.25 
5.8 

10.4 
2.4 
2.6 
4.9 
10 
1.9 
5.6 
10 

1.35 
1.6 
5.6 
9.5 
14 

1.5 
1.7 
5.8 
2.5 
5.3 

11.3 
2.2 
5.5 
9.4 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
REAL 
REAL 
REAL 
REAL 
RNS 
DUP 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
RNS 
RNS 

. ,  

2.1 REAL 
5.5 REAL 

10.3 REAL 
1.6 REAL 

5.25 REAL 
10 REAL 

2.9 REAL 
6.5 REAL 
9.5 REAL 

12.8 REAL 
1.4 REAL 
5.5 REAL 
9.4 REAL 

14.5 REAL 
RNS 

1.3 REAL 
5.5 DUP 

5.75 REAL 
9.4 REAL 

12.6 REAL 
15.25 REAL 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40066AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40283AE TOLUENE 
BH40113AE TOLUENE 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40143AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40307AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40320AE TOLUENE 
BH40322AE TOLUENE 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40072AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

46 UGIKG 
96 U G K G  

170 UGIKG 
89 UGIKG 

120 UGIKG 
140 UGIKG 
89 UGIKG 

210 UGIKG 
18 UGIKG 
41 UGIKG 
28 UGiUG 

260 U G K G  
200 UGIKG 
180 UGIKG . 
21 UGIKG 
76 UGIKG 
18 UGIKG 
57 UGIKG 
93 UGIKG 
36 UGIKG 
27 UGIKG 
39 UGIKG 
40 UGIKG 

150 UGIKd 
12 U G K G  
84 UGIKG 

150 UGIKG 
56 UGlKG 
91 UGIKG 
81 UGIKG 
3 UGIKG J 

68 UGIKG 
21 U G K G  

160 UGIKG 

390 UGKG 
200 UGIKG 

90 U G K G  
18 UGIKG 
38 UGIKG 
38 UGIKG 
86 U G K G  
69 UGIKG 

S UGIL U 

4 UGIKG J 

5 U G E  U 
5 UGIL U 

42 UGIKG 
160 UGIKG 
120 U G K G  
70 UGIKG 
2 UGIKG J 

56 U G K G  
7 U G K G  

34 U G K G  
30 UGIKG 

120 UGIKG 
84 UGIKG 

150 U G K G  

92 UGIKG 

37 U G K G  
29 UGIKG 
21 U G K G  

110 UGKG 
170 UGIKG 
130 UGIKG 

4 UGIKG J 

5 UGIL U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 
JA 
V 
V 
V 
V 
V 
V 

6 
5 
7 
6 
6 
5 
6 
5 
5 
6 
6 

29 
6 

12 
5 
6 
6 
5 
6 
6 
5 
6 
6 
6 
5 
6 
6 
5 
6 
5 
F 

6 
7 
6 
5 

11 
11 
5 
7 
5 
6 
5 
6 
6 
5 
5 
6 
6 
6 
6 
5 
6 
6 
5 
5 
6 
5 
6 
5 
6 
5 
6 
5 
6 
6 
5 

31 

11.3-279 



TABLE 113.44 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Detect 
Location Sample No. Depth Depth QC Code QC Partner Chemical Result Units Qual. Val. Limit 

43993 BH40354AE 
43993 BH40355AE 
43993 BH40360AE 
44093 BH40349AE 
44093 BH40350AE 
44093 BH40352AE 
44193 BH40079AE 
44193 BH40080AE 
44193 BH40082AE 
44193 BH40084AE 
44393 BH40025AE 
44393 BH40034AE 
44393 BH4003SAE 
44393 BH40037AE 
44593 BH40002AE 
44593 BH40003AE 
44593 BH40004AE 
44593 BH40006AE 
44793 BH40137AE 
44793 BH40135AE 
44893 BH40102AE 
44893 BH40190AE 
44893 BH40189AE 
44893 BH40192AE 
44893 BH40195AE 
44893 BH40194AE 
45693 BH4037SAE 
45693 BH40376AE 
45693 BH40373AE 
45793 BH40558AE 
45793 BH40560AE 
45893 BH40457AE 
45893 BH40378AE 
45893 BH40379AE 
45893 BH40556AE 
45893 BH40381AE 
46193 BH40386AE 
46193 BH40561AE 
46193 BH40387AE 
46293 BH40566AE 
46293 BH40564AE 
46.593 BH40701AE 
46593 BH40704AE 
46593 BH40712AE 
46693 BH40716AE 
46693 BH40719AE 
46693 BH40719AE 
46693 BH40727AE 
46793 BH40730AE 
46793 BH40733AE 
46793 BH40741AE 
46893 BH40744AE 
46893 BH40747AE 
46893 BH40750AE 
46893 BH40755AE 
46993 BH40820AE 
46993 BH40758AE 
46993 BH40769AE 

1.1 
5.2 
17 
1.3 

5.55 
14.55 

0.3 
4.3 
8.4 

13.8 
NA 

1.1 
5.4 
9.6 
0.5 
5.6 
9.3 

13.8 
1.4 
4.1 
1.3 

1.55 
5.55 

7 
12 

15.9 
1.05 
5.35 
8.55 
1.25 
5.45 

2.2 
5 

5.25 
9.25 
0.4 
0.4 
7.6 
2.4 
2.6 
2.2 

5.75 
9.95 
1.2 

5.75 
5.75 
14.3 
1.25 
5.75 
8.05 
1.35 
6.15 

10 
11.9 
2.4 

2.65 
6.55 

NA 

1.35 REAL 
5.45 REAL 

17.25 REAL 
1.5 REAL 
5.8 REAL 

14.8 REAL 
0.5 REAL 
4.5 REAL 
8.6 REAL 
14 REAL 

RNS 
1.3 REAL 
5.6 REAL 
9.8 REAL 
0.7 REAL 
5.8 REAL 
9.5 REAL 
14 REAL 

1.55 REAL 
4.35 REAL 
1.55 DUP 
1.8 REAL 
5.8 REAL 
7.2 REAL 

12.2 REAL 
16.1 REAL 
1.3 REAL 
5.6 REAL 
8.8 REAL 
1.5 REAL 
5.7 REAL 

RNS 
2.4 REAL 

5.25 REAL 
5.5 DUP 
9.5 REAL 
0.6 REAL 
0.6 DUP 
7.8 REAL 
2.6 REAL 
2.8 DUP 

2.45 REAL 
6.75 REAL 
10.2 REAL 
1.45 REAL 

6 REAL 
6 REAL 

14.6 REAL 
1.5 REAL 

6 REAL 
8.3 REAL 
1.6 REAL 
6.4 REAL 

10.3 REAL 
12.2 REAL 
2.65 DUP 
2.9 REAL 
6.8 REAL 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40190AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40413AE TOLUENE 
BH40379AE TOLUENE 

TOLUENE 
BH40561AE TOLUENE 
BH40386AE TOLUENE 

TOLUENE 
TOLUENE 

BH40563AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40758AE TOLUENE 
TOLUENE 
TOLUENE 

73 U G K G  
15 UGIKG 
I3 UGIKG 

150 U G K G  
170 UGIKG 
140 UGIKG 
290 U G K G  
22 UGKG 
33 UGIKG 

150 UGIKG 

780 UGIKG 
300 U G K G  
75 UGIKG 

210 UGIKG 
62 UGIKG 
97 UGIKG 

120 U G K G  
670 UGIKG 
120 U G K G  
130 U G K G  
110 UGKG 
120 UGIKG 
130 UGIKG 
76 UGIKG 
97 U G K G  

120 U G K G  
110 U G K G  
220 UGIKG 
450 UGIKG 
86 UGIKG 

120 UGIKG 
48 U G K G  
76 UGIKG 
66 U G K G  

360 UGIKG 
170 U G K G  
72 UGIKG 

160 UGIKG 
110 UGIKG 

18 U G K G  
66 UGIKG 

130 UGIKG 
10 UGIKG 
21 U G K G  
22 U G K G  
61 UGIKG 
39 U G K G  
97 UGIKG 

110 UGIKG 
57 UGIKG 
41 U G K G  
59 UGIKG 
30 UGIKG 
32 UGIKG 
66 UGIKG 

5 U G L  U 

5 UGIL U 

5 UGIKG U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
V 
V 
V 
V 
V 
V 
V 

6 
5 
7 

12 
6 
6 

28 
6 
5 
6 
5 

28 
12 
6 
5 
5 
5 
5 

27 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 

32 
6 
5 
6 
6 
6 
5 

30 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



Bis(2-ethvlhexvl)~hthalate 

The analytical results for bis(2-ethylhexy1)phthalate in subsurface soil and bedrock 
samples are presented on Figure 11.3.4-61 and in Table 11.3.4-5. Bis(2-ethylhexy1)phthalate was 
detected in 8 of 36 samples analyzed (22 percent), and the detections ranged from 38 to 5,300 
pg/kg. Detectable concentrations of bis(2-ethylhexy1)phthalate do not appear to be related to 
SEP waste management activities because the detections typically occur at depth, and the highest 
concentration (and the only one not qualified with a "J") occurs south and east of OU4 at a depth 
of 41.6 to 47.6 feet below ground surface. 

In summary, the organic PCOCs are widespread in OU4 and appear to have little 
relationship to the SEPs, with the exception of acetone. It is possible that acetone may be 
related to SEP waste management activities since the highest concentrations detected occur 
beneath the SEPs. Section 11.4 discusses the presence of organics in the OU4 subsurface in 
greater detail, including the suspicion that these organics may be field- or laboratory-introduced 
contaminants. 

02217224371 14. WPF 
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II.3.5 Geologic Investigation Results 0 - 
This section presents the results of geologic investigations conducted within OU4 during 

the Phase I RFI/RI. The findings discussed in this section are based upon previous 
investigations, Phase I soil borings, and geophysical surveys. Figure 11.3.5-1 shows the 
locations of the monitoring wells, boreholes, and piezometers (collectively referred to as 
boreholes) used in evaluating the subsurface geology at OU4. 

Subsurface drilling was implemented at OU4 to determine the lateral and vertical extent 
of contaminants in the vadose zone. Data developed from the subsurface investigation will be 
used to assess the current and potential human health or environmental risk presented by soil 
contamination at the site. The data gathered were incorporated into the framework of a 
lithofacies and hydrogeologic model in order to predict current and future vadose zone migration 
pathways and rates of flow. The conceptual hydrogeologic model developed will be used to 
predict the potential impact of the vadose zone (pore water) contamination to ground water. 

The hydrogeologic model accounts for spatial variations in flow rates that are caused by 
heterogeneities in sediment properties. Sediment properties such as grain size (particularly the 
fine-grained constituent), mineralogy, porosity, permeability, and macroporosity , are variables 
which control and cause hydraulic heterogeneities in the subsurface. The physical composition 
and stratigraphic distribution of sediment properties are controlled by the sedimentary 
depositional environment, and in the case of artificially placed sediments, their physical 
properties. The lithofacies model developed for OU4 relates the stratigraphic distribution and 
physical properties of sedimentary facies to depositional environment, and allows a comparison 
of spatial trends in sediment properties to hydraulic parameters, such as hydraulic conductivity, 
transmissivity, and storativity . 

e 
The SEPs are proximal to the topographic surface and generally do not penetrate the 

water table. However, during periods of increased recharge, such as in the spring, the water 
table rises to a level that puts it in contact with the eastern side of SEPs 207-A and 207-B south. 
Contaminants are found in surrounding soils and/or have leached through the unsaturated zone 
into the subjacent unconfined aquifer. Thus, development of a depositional model that allows 
prediction of vadose zone contaminant transport pathways is essential to environmental 
restoration and remediation activities at OU4. 

II.3.5.1 Distribution and Description of Surficial Geologic Units 

This section identifies a textural-based facies model (lithofacies) for the Rocky Flats 
Alluvium, describes other surficial geologic units and summarizes the subcropping and shallow 
bedrock geology within OU4. The lithofacies model developed from the subsurface geologic 
data describes and graphically represents the nature and distribution of heterogeneities in the 
Rocky Flats Alluvium. These lithofacies are used to build conceptual models of alluvial facies 
which delineate large-scale trends and variances in unsaturated and saturated hydraulic 
conductivity. 
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Surficial materials in the OU4 area consist of the Rocky Flats Alluvium, landslide and 
slump colluvium, valley fill alluvium, and artificial fill materials. These materials 
unconformably overlie the Arapahoe Formation bedrock, or in the case of the latter three, if not 
of sufficient depth, the Rocky Flats Alluvium. The spatial locations of these units were 
determined in part from a comparison of the OU4 surface topography in 1951 and 1986, and in 
part from borehole geologic data. 

Figure 11.3.5-2 displays the surface topography in 1951, prior to ground disturbance from 
installation of the security fence and the Interceptor Trench System (ITS). Surface elevations 
range from approximately 5981 feet to 5960 feet above mean sea level (msl) from west to east 
across the central portion of OU4, and from 5975 feet to 5890 feet above msl from south to 
north across the central portion of OU4. The area around the SEPs inside the PA fence is flat 
to gently sloping; the area north of the PA slopes at approximately 2 to 1 down into the North 
Walnut Creek drainage. 

Probable slump block features are identified on Figure 11.3.5-2 and are designated Slump- 
1 through Slump-4. These slump features may be the result of over-steepening along the 
pediment surface, exceeding the angle of repose due to incision by surface drainage and creeks. 
Conversely, these slump features may have resulted from construction of the SEPs. Figure 
11.3.5-3 displays the surface topography of the same area in 1986, after construction of the 
security fence and ITS. Figure 11.3.5-4 is a comparative map of the 1951 and 1986 topographic 
surfaces. This map shows areas that may have been excavated or back-filled with artificial 
material since 1951. a 

Core samples from boreholes 44893 and 44993, in the vicinity of the ITS, contained 
fragments of claystone bedrock and plant roots intermixed with alluvial materials at depths up 
to 14 feet below the surface. These samples may signify landslide colluvial material or artificial 
fill materials from installation of the ITS. In either case, these deposits may have altered the 
drainage patterns of both surface runoff and ground water. 

Based on these topographic and borehole data, previous studies (Woodward-Clyde & 
Associates, 1970), and sitewide surficial geologic mapping by the U.S. Geological Survey 
(Shroba and Carrara, 1994), the surficial materials map shown on Figure 11.3.5-5 was prepared. 
This map shows that OU4 is located on a bedrock pediment surface covered by Rocky Flats 
Alluvium. Landslide and slump colluvial deposits are present on the hillside north of the SEPs 
area. Valley fill alluvium is present in the drainage of North Walnut Creek. Artificially-placed 
materials are present around and immediately beneath the SEPs. 

II.3.5.1.1 Rocky Flats Alluvium 

The youngest aerially extensive stratigraphic unit at OU4 is the early Pleistocene 
(Nebraskan or Aftonian) Rocky Flats Alluvium. In some eastern plant site locations, outcrops 
of the slightly younger (Kansan or Yarmouth) Verdos and (Illoian or Sangamonian) Slocum 
Alluvium have been mapped (Epis and others, 1980; Weimer, 1973; Scott, 1960); however, 
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these units are not present at OU4. The Rocky Flats Alluvium was deposited by highly unstable 
ephemeral and/or spasmodically active braided streams and debris flows. Deposition took place 
on a pediment within a coalescing alluvial fadapron braidplain system. Coarse gravel was most 
likely deposited in channels by debris flows. Models depicting a depositional system of 
coalescing alluvial fans aggraded by debris flow and braided stream deposition suggest that sand 
and fine gravel were deposited in channels and along banks, forming natural levees, while silt 
and clay would commonly be found on floodplains and transverse and longitudinal bars. 

@ 

Eastward-flowing streams dissected the Rocky Flats alluvial terrace in several locations. 
In a few locations, the erosional sub-alluvial pediment surface (unconformity) has been eroded, 
exposing the Late Cretaceous (Late Maastrichtian)- Early Tertiary (Early Paleocene) Arapahoe 
Formation and the Late Cretaceous (Mid to Late Maastrichtian) Laramie Formation. 

The source of boulders and cobbles in the Rocky Flats Alluvium is the Precambrian 
igneous and metamorphic rocks which outcrop in Coal Creek Canyon. These rocks are 
primarily quartzites, mica schists, quartz monzonites, and granodiorites. Other lesser constituent 
source rocks are the steeply east-dipping sedimentary formations exposed at the mouth of Coal 
Creek Canyon. Finer-grained clastics (sands, silts, and clays) are derived from the chemical and 
mechanical weathering of these crystalline rocks. 

Alluvial sediments at OU4 are presumed to have been deposited in a medial-fan 
depositional environment based upon the following observations and assumptions. Mid-fan 
deposits commonly consist of a braided network of shallow channels with debris flow, water- 
lain, and some sheet flood deposits. Debris flows comprise interdigitated sheets with non- 
erosive basal contacts, or occupy channels cut by water flow. Water-lain deposits commonly 
show erosive, channeled contacts and internal stratification related to bedload transport or 
bedform migration. Sheet flood deposits accumulate due to spreading of sediment-laden water 
as it exits a stream channel and are generally thin, widespread sheets of sand and fine gravel. 
Although sheet flood deposits are found in the mid-fan position, they are most commonly located 
in the distal or "toe" of fan positions. Well developed channels, sieve deposits, and coarse 
debris flows are most common on the upper fan (near fanhead trench). This study indicates that 
a majority of the alluvial material at OU4 is the shallow braided network type. 

@ 

Figure 11.3.5-6 is a colluvial/alluvial materials isopach map of the OU4 area. This map 
indicates that the current maximum thickness of the Rocky Flats Alluvium is approximately 15 
feet. A comparison with Figure 11.3.5-4 indicates that approximately 5 feet of Rocky Flats 
Alluvium has been removed from some OU4 areas. Therefore, the Rocky Flats Alluvium was 
probably no more than 20 feet thick at OU4 before commencement of plant activities. 

II.3.5.1.2 Lithofacies of the Rocky Flats Alluvium 

A lithofacies classification was developed for OU4 that groups sediments with similar 
textural compositions. This lithofacies scheme assumes that texturally similar sediments were 
deposited by similar processes in a similar environment. This assumption seems valid since the 
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alluvium is at least crudely stratified, and several trends and consistencies were noted during the 
logging process and subsequent data evaluation. Notable trends include a correlation between 
the bedrock surface elevation and basal alluvium sediment properties. Notable consistencies 
include stratigraphic and lateral associations between sediment type. The lithofacies 
classification was developed based on these observations and other textural criteria. The 
lithofacies classification developed is shown in Table 11.3.5-1. 

Physical criteria (composition) for each lithofacies shown in Table 11.3.5-1 are listed in 
order of decreasing pertinence. The first two percentage ranges after "composition" (in bold- 
face type) are primary sedimentary criteria which are always true for materials categorized. 
The third percentage range after "composition" is violated only in the case of "maverick" 
sediments where the sediment cannot be classified another way without violating the primary 
criteria. For example, if a sediment contained 5 percent gravel, 60 percent sand, and 35 percent 
fines (silt and clay), it would be classified as the sandy lithofacies because the primary criteria 
are met, albeit the third compositional range is not. Placing this sedimentary unit into any other 
lithofacies would violate primary criteria. 

Although there is a wide variation in composition of the Rocky Flats Alluvium, more 
than one classification was never possible following this criteria. The only sediments which 
could not be simply classified using this system would have to contain equal amounts of sand 
and fines in the range between 45 percent to 49 percent, and 0 percent to 9 percent gravel. 
Sediments with equal amounts of sand and fines in this narrow range were not encountered 
during this investigation. e 

This lithofacies classification, like the Unified Soil Classification System (USCS), is 
subdivided primarily by textural (grain size) parameters. Grouping of similar sedimentary facies 
cannot be accomplished using only the USCS system. However, since all drill core was initially 
logged using the USCS, the lithofacies system presented in Table 11.3.5-1 incorporates USCS 
terminology. The USCS system is not applicable because it was not designed or intended to be 
used for geologic or hydrogeologic modeling. For this reason, USCS categories often overlap 
into more than one lithofacies. For example, a sediment categorized as a USCS "GC" 
containing 11 percent fines (silt and clay), 25 percent sand, and 60 percent gravel would be 
placed in the sandy gravel lithofacies, whereas a USCS "GC" containing 40 percent fines, 25 
percent sand, and 35 percent gravel would be placed in the clayey gravel lithofacies. Two 
primary shortcomings of the USCS system for modeling purposes are noted below for those 
unfamiliar with it: 

A change of 1 percent in constituent grain size near the 50 percent total volume 
range (Dso) drastically changes how the sediment is classified. Additionally, a 
change of 1 percent at D5, does not drastically alter how the unit would be 
classified geologically or hydrogeologically and thus conceptually modeled. 
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TABLE II.3.5-1 
DESCRIPTION OF LITHOFACIES 

SANDY LITHOFACIES: 
Composition: > - 45% sand, < - 30% gravel, and < - 30% fines (silt and clay) 
USCS classifications: "SW, " "SP, 'I "SM, 'I "SC, I' "GC" divisions. 
Name: sand, gravelly sand, clayey sand, silty sand. 
Description, depositional mechanism & environment: very well to poorly sorted sands. 
Suspended load (water-lain) deposits predominantly deposited by grain flow, scour fill, 
sand wave, and dune (upper and lower flow regimes) deposits. Channel sands, stream 
bed and bar deposits during periods of intermittent or normal stream flow and 
aggradation (sedimentation). 
Geometry: channel sands, side and mid-stream bars, minor sheet flood deposits, often 
cut by sandy gravel lithofacies, cut and are laterally associated with Clayey Gravel 
Lithofacies; often contains reworked bedrock. 
Average Composition: (for all sediments classified) 22% gravel, 57% sand, 15% silt, 
6% clay. 
Comments: May contain some "maverick" gravel-poor sediments with more than 30% 
but less than 45% fines. 

SANDY GRAVEL LITHOFACIES: 
Composition: > -45% gravel, < -25% fines (silt and clay), 0-49% sand. 
USCS classification: "GW, 'I "GP, " "GC, 'I and "GM" divisions. 
Name: gravel, sandy gravel, clayey gravel, silty gravel. 
Description, depositional mechanism & environment: poorly sorted, clast supported, 
sometimes clean gravel with no matrix (sieve deposits). Rapidly deposited (storm) 
channel deposits, stream flood and "break-out" deposits, slurry-type debris flows, sheet 
flood deposits. Indicates periods of increased run-off and sedimentation as noted by great 
lateral and stratigraphic extent of this unit. 
Geometry: channel deposits, water-lain debris flows, thalweg channel lag, longitudinal 
bars, channel fill, cuts all lithofacies; clean gravel deposits usually rest on or cut sandy 
li thofacies. 
Average Composition: (for all sediments classified) 64% gravel, 23% sand, 8% silt, 5% 
clay. 
Comments: May also contain sand beds less than 1- foot thick. 
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TABLE II*3*5-1 (Continued) 
DESCRIPTION OF LITHOFACIES 

CLAYEY-SILTY GRAVEL LITHOFACIES: 
Composition: > - 20% and < - 50% gravel, > - 25% fines (silt and clay), 0-45 % 
sand. 
USCS classification:"GC, 'I "GM, I' "SM" and "SC" divisions. 
Name: clayey gravel, silty gravel, clayey sand, silty sand. 
Description, 'depositional mechanism & environment: matrix-supported gravel, sands 
with appreciable gravel and fines. Debris flows and bedload transport suggested by poor 
sorting, large grain-size range, and general lack of internal structure or framework. 
Presumed to indicate rapidly deposited sediment. 
Geometry: debris flows, channel fills & plugs, linguoid/transverse bars; laterally 
associated with the sandy lithofacies, lobate or incised into the sandy or clayey & silty 
li thofacies. 
Average Composition: (for all sediments classified) 38% gravel, 25% sand, 20% silt, 
17% clav. 

CLAYEY & SILTY LITHOFACIES: 
Composition: > -45% fines (silt and clay), < -45% sand, < -20% gravel. 
USCS classification: "ML, " "CL, 'I "MH" and "CH" divisions. 
Name: clay, silty clay, sandy clay, gravelly clay, silt, gravelly silt, sandy silt, clayey silt. 
Description, depositional mechanism & environment: very well to poorly sorted clays 
and silts, often bedded and/or laminated. Primarily suspended load deposition. 
Overbank, levee, crevasse-splay , waning flood and floodplain deposits. 
Geometry: generally planar deposits along the margins of channels, often lateral to the 
sandy or sandy gravel lithofacies; always on highs of the surface of deposition; "drape" 
deposit, does not cut any other lithofacies. 
Average Composition: (for all sediments classified) 7% gravel, 22% sand, 39% silt, 
32% clav. 
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USCS units with more than 50 percent coarse material (fine sand [ >0.74 mm] 
and coarser) but with an appreciable amount of fines ranging from - 12 percent 
to 49 percent are summarily classified as "SC"/"SM" or "GC"/"GM" depending 
on a greater sand or gravel constituent. This large variation in percent fines 
within any individual unit is not consistent with hydrogeological modeling 
objectives because this would allow orders of magnitude in variation for values 
of hydraulic conductivity within any given unit. 

Geometries for each facies are also assigned in order to graphically represent and 
dimensionally model variances in heterogeneity, thereby illustrating the alluvial stratigraphy.. 
Figure 11.3.5-7 shows the locations of geologic cross-sections and the boreholes that were used 
in their construction. Figures 11.3.5-8 through 11.3.5-12 depict the spatial distribution of the 
alluvial lithofacies at OU4. Figures 11.3.5-8 and 11.3.5-9 are cross-sections drawn approximately 
parallel to dip direction. Figures 11.3.5-10 through 11.3.5-12 are cross-sections drawn 
approximately parallel to strike direction. All boring and well logs used in the construction of 
these cross-sections are found in Appendix 11.1. 

An unconformity representing a depositional hiatus greater than 60 million years separates 
the Rocky Flats Alluvium from the underlying Arapahoe and Laramie Formations. The ''top of 
bedrock" surface (unconformity) upon which the Rocky Flats Alluvium rests is a nonplanar 
eroded mountain-front pediment. A pediment is defined as a gently inclined planate erosion 
surface carved in bedrock and generally veneered with fluvial gravels (Miall, 1985). It appears 
that the irregular, undulating nature of the pediment surface was controlled in part by stream 
incisement and subsequent deposition of the basal Rocky Flats Alluvium. Incised channels on 
the bedrock surface may represent an important influence on present-day ground water flow 
paths. Figure 11.3.5-13 is a top-of-bedrock surface elevation map. This figure shows the 
undulating nature of the Rocky Flats Alluvium depositional surface and the location of incised 
bedrock channels. This bedrock surface elevation map was generated using borehole data and 
geophysical techniques described in Section 11.3.5.3. 

@ 

When alluvial material was first carried out of Coal Creek Canyon and onto the bedrock 
pediment surface by debris flow and other fluvial mechanisms, it was initially transported along 
and deposited in topographic lows and channels on the pediment surface. The lithologic 
relationships defined in the OU4 area are consistent with the nature (physical composition, 
geometry, and spatial location) of alluvial deposits documented by many investigators (Rust and 
Koster, 1984; Miall, 1981) using modern analogs. Therefore, if the described lithofacies are 
valid,'one would expect to find channel deposits (cross-bedded gravelly sands and thalweg sandy 
gravels of the sandy and sandy gravel lithofacies) in lows and channels on the top of bedrock 
surface. In a similar fashion, overbank, levee, and crevasse-splay (clay & silt lithofacies) 
deposits would be expected to occupy highs along the banks of channels, and linguoid and 
transverse bars (clayey-silty lithofacies) would be expected in channels and along channel 
margins. If the described lithofacies classification system did not delineate depositional sediment 
packages (Le. if USCS units were used), a random distribution of units would be expected. 
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Figure 11.3.5-14 was constructed by plotting the alluvial lithofacies represented in the 
basal foot of the Rocky Flats Alluvium on the bedrock surface elevation map. This map shows 
a definite order of lithofacies deposition. Sands are found in channel scours (top of bedrock 
lows), clays are located above and roughly parallel to channels where overbank deposits would 
be expected (top of bedrock highs), and clayey gravel and lithofacies containing re-worked 
bedrock occupy positions proximal to channel bends and where linguoid or transverse bars might 
be expected. Therefore, the physical, depositional, geometric, and spatial characteristics of the 
described lithofacies appear valid and can be correlated laterally and stratigraphically throughout 
OU4. 

e 

Figures 11.3.5-8 through 11.3.5-12 indicate that coarser Rocky Flats Alluvium with less 
silt and clay content, sandy and sandy gravel lithofacies, generally occur in central, south- 
central, and southwestern areas of OU4 (Figures 11.3.5-8, 11.3.5-10, 11.3.5-1 1, 11.3.5-12). 
Finer-grained sediments of the clay & silt lithofacies, are found in northern and north-central 
areas of OU4 (Figure 11.3.5-9,11.3.5-12). Northeastern and north-central areas contain matrix- 
supported gravels of the clayey-silty lithofacies that are proximal to the surface, and clast- 
supported gravels of the sandy gravel lithofacies at depth and in unconformable contact with the 
underlying bedrock (Figures 11.3.5-8 and 11.3.5-9). Poor borehole control in the southeastern 
portion of OU4 precludes any possible general assumptions about this area. 

Although the areas surrounding the SEPs are mapped as "disturbed ground" (Figure 
11.3.5-5) and the berms which surround them consist of artificial fill, the subjacent alluvial 
material is Rocky Flats Alluvium. The Rocky Flats Alluvium beneath the SEPs consists largely 
of the sandy and sandy gravel lithofacies. The alluvium beneath the 207-B Series SEPs contains 
some fine-grained alluvium (clay & silt and clayey-silty gravel lithofacies) near the alluvium- 
bedrock contact; otherwise the alluvium is coarse-grained. The alluvium beneath SEP 207-A 
contains fine-grained alluvium (clay & silt and clayey-silty gravel lithofacies) in northern areas, 
whereas the alluvium in central and southern portions of SEP 207-A contain coarse-grained 
material. The alluvium beneath SEP 207-C is inferred to consist entirely of coarse-grained 
material (sandy and sandy gravel lithofacies) from borehole data obtained around its perimeter. 

@ 

II.3.5.1.3 Landslide and Slump Colluvium 

Landslide colluvium deposits have been identified along the banks of North Walnut Creek 
within the OU4 area by Woodward-Clyde & Associates (1970) and during the current U.S. 
Geological Survey (USGS) sitewide surficial geology mapping project (Shroba and Carrara, 
1994). These landslides occur primarily in the upper bedrock claystones and involve downward 
and outward movement along curved slip planes. Landslides are recognized by a curved scarp 
at the top, a coherent mass of material downslope that may be rotated back toward the slip 
plane, and hummocky topography at the base. Landslide deposits are expressed in weakly 
consolidated, grass-covered slopes as bulges or low wavelike swells (EG&G, 1992~). 

The slope between the inside of the security fence and the PA security road consists of 
landslide colluvium deposits that have been disturbed by construction activities and/or artificially 
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filled. The area north of the SEPs to the security fence has been mapped and modeled as 
colluvium. Some of this material, proximal to the SEPs, may be Rocky Flats Alluvium. The 
remaining areas along the south bank of North Walnut Creek consist of landslide and slump 
colluvium that has also been disturbed by construction and/or artificially filled (Figure 11.3.5-9, 
this study; Shroba and Carrara, 1994). 

@ 

Four isolated bedrock slump-blocks are interpreted to be north of the SEPs. These slump 
blocks are shown on Figure 11.3.5-2. The northernmost slump (labeled 2 on Figure 11.3.5-2) 
is also depicted on Figure 11.3.5-6 as an approximately 35-foot-thick deposit northeast of the PA 
security road. The characteristics of this slump-block are described by features observed in 
boreholes B208489, B208389, SP1487, 46393, 40193, and 46493. Boreholes B208389 and 
B208489 are interpreted to be within the toe of the slump-block. Figure 11.3.5-15 is an idealized 
cross-section of a slump block. It shows colluvium and semi-consolidated "weathered" bedrock 
moving downslope along curved slip planes. Lithological descriptions from these borehole logs 
include bedrock slickensides, calcite-filled fractures (at 30 to 90 degrees), roots, and iron and 
manganese oxide stains. The northernmost slump (labeled 2 on Figure 11.3.5-2) does have a thin 
subsurface soil cover (approximately 3 feet) that is interpreted to be toward the center of the 
slump block. Boreholes 46393, 40193, and 46493 are interpreted to be within the scarp, and 
have thicker subsurface soils (approximately 15 to 20 feet). Lithological descriptions from these 
boreholes include plant roots at approximately 14 feet, iron-oxide staining, caliche nodules, 
fractures from micro-fractures to badly broken core, and moist core material. Similar 
lithological descriptions are noted in borehole logs 46193 and 46293 which are associated with 
the slump block along the crest of the hill. Push-well point 46093, also associated with this 
slump block, has a thin subsurface soil (approximately 0.5 feet) that is interpreted to be 
indicative of a borehole position on top of a slump block. Boreholes 46193 and 46293 are 
interpreted to be near or in the scarp. Lithological descriptions from these boreholes include 
thicker subsurface soils (approximately 2 to 8 feet), iron oxide staining, argillaceous cement, 
calcite-filled fractures (10 to 40 degrees), and moist core material. 

e 

Other non-landslide colluvial material along slopes in OU4 were derived chiefly by 
smaller scale gravity slumping of the Rocky Flats Alluvium. Colluvium is primarily composed 
of fine-grained material, which coarsens in a downslope direction. Grain-size variations are the 
result of sorting associated with slope failure set in motion by frequent stream incisement. 

II.3.5.1.4 Valley Fill Alluvium 

Figure 11.3.5-6 shows that the maximum thickness of valley fill alluvium is approximately 
35 feet along North Walnut Creek drainage in the northern and northeastern portions of OU4. 
Valley fill alluvium is commonly composed of light brown to brownish gray humic clay, silt, 
sand, and gravelly sand with silty and cobbley gravel lenses. Gravel pebbles and cobbles are 
most commonly composed of quartzite; pebbles and cobbles of granite, gneiss, and sandstone 
are less common. Shroba and Carrara (1994) recognized two stages of valley fill alluvium: a 
Post-Piney Creek and a Piney Creek Alluvium. The Piney Creek Alluvium forms low terraces 
about 3 to 6 feet above modem stream level, and contains calcium carbonate veinlets and locally 
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one or more buried soil horizons. The Post-Piney Creek Alluvium forms modern stream 
channels and floodplains, and does not contain secondary calcium carbonate. These deposits 
appear to represent the most recent natural deposits of surficial materials in the OU4 area. @ 
II.3.5.1.5 Autochthonous Constituents of Surficial Materials - Caliche and Calcrete 

Some stratigraphic intervals of the sediments described in preceding paragraphs contain 
significant quantities (25 to 80 percent) of caliche and/or calcrete. Caliche, or calcium 
carbonate, often forms by evaporation of vadose zone water, which causes changes in the partial 
pressure of carbon dioxide in the soil zone. Early stages of caliche formation may produce 
either a powdery granular calcite or development of indurated nodules, termed calcrete (Blatt 
et al, 1980). 

In the alluvial facies, caliche formed in situ after deposition of the alluvial facies (Gile 
et al, 1966; Brown, 1956), whereas younger colluvial and valley fill material may contain 
reworked sediments containing caliche. Some caliche zones have a significant lateral extent. 
These intervals indicate significant secondary precipitation and/or replacement of caliche/calcrete 
by subsurface evaporation of soil moisture in the vadose zone, primarily in the "C" soil horizon. 
Their presence suggests areas. where a capillary fringe is or was present. These intervals may 
be significant hydrogeologically if they represent areas of low or no recharge to the Upper 
Hydrostratigraphic Unit (Upper HSU) (i. e., areas of significant surface evaporation). Caliche- 
rich intervals are by no means ubiquitous at any stratigraphic level or area and thus may add an 
additional complexity and/or uncertainty to recharge models. However, in general they are most 
commonly encountered in the upper 10 feet of the subsurface. 

II.3.5.1.6 Anomalous Constituents of Surfkial Materials - Reworked Bedrock 

Some stratigraphic intervals of the Rocky Flats Alluvium and associated sediments 
contain clasts or significant quantities of reworked bedrock. This material, primarily clasts of 
very well-sorted clay stone or indurated sandstone that display "characteristic" bedrock color and 
mineralogy, are depositionally significant for two reasons: they specifically indicate areas 
(places, such as channel bends) where stream velocity decreased and rip-up clasts of bedrock 
were deposited, and indicate periods (time, as measured by stratigraphic interval) of increased 
bedrock erosion. Areas where stream velocity decreased enough to deposit transported load are 
likely to be located at stream channel bends and side bars. The clayey-silty gravel and clayey 
& silty lithofacies usually contain reworked bedrock proximal to the alluvial-bedrock contact. 
Lithofacies containing reworked bedrock stratigraphically higher or to the east of OU4 are likely 
to be found in the sandy and sandy gravel lithofacies. This may indicate a depositional evolution 
of the fan system (Le., as the fan matured, the depositional base level shifted to the east and 
transported material became increasingly coarse). 

Further, the recognition of re-worked bedrock material on the unconformable bedrock 
surface is essential to correctly identify the alluvial-bedrock contact which delineates the surface 
separating materials with differing hydraulic properties. The importance of this differentiation 
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cannot be overstated. Several historical borehole logs, and logs generated during this study (Le., 
borehole 44193) contain(ed) incorrect bedrock calls resulting from a failure to recognize of this 
unit. e 
II.3.5.2 Physical Description of Bedrock 

Significant work has been conducted recently to refine the characterization of the bedrock 
at Rocky Flats. The Phase I and I1 Geologic Characterization Reports for Rocky Flats Plant 
(EG&G, 1991, 1992) were prepared to characterize the bedrock at RFP based on a 
comprehensive literature search, relogging and describing previously obtained core samples, 
reprocessing previously obtained seismic data, analyzing core samples for grain size distribution, 
and surface geologic mapping. Data and results of the Phase I and I1 characterizations that are 
pertinent to OU4, and the information obtained during the OU4 Phase I investigation, are 
summarized in this section. OU4 Phase I borehole drilling into bedrock was conducted to 
determine subcropping bedrock lithologies and to visually determine the presence or absence of 
weathered or unweathered clay stone, fractures in claystone, and weathered or unweathered 
coarse-grained bedrock units near SEPs 207-A, 207-B Series, and 207-C. 

II.3.5.2.1 General Bedrock Geology 

Early workers assigned bedrock beneath OU4 to the Laramie Formation (Spencer, 1961; 
Blume, 1972). During the late 1970s and 1980s, additional preliminary geologic information 
led to reassignment of bedrock beneath and surrounding the plant site as the slightly younger 
Late Maastrichtian (Latest Cretaceous)-Early Paleocene (Early Tertiary) Arapahoe Formation 
(Hurr, 1976; Rockwell International, 1986, 1988; EG&G, 1990, 1991). During this period a 
lack of structural data, coupled with sparse subsurface lithologic and paleontologic control, 
suggested a thickness in excess of 200 feet for the Arapahoe Formation beneath the plant site. 
This stratigraphic assignment was based on the subsurface control available at that time and on 
projections of the Arapahoe Formation from known locations (Le., Standley Reservoir). 

@ 

Since the late 1980s a considerable mass of geologic information has been gathered at the 
plant site. This new information suggests that structural features, such as faults, do exist at and 
near the plant site, thereby nullifying any simple stratigraphic projections. Further, recent 
palynologic investigations (EG&G, 1993) have revealed a marine origin (Laramie Formation) 
for claystones immediately beneath channel sands. Based on this new information, it is 
permissible for sediments of the Laramie Formation to underlie, or be in close proximity to, 
alluvial terrace gravels in some locations on the pediment surface. In other areas, fluvial 
sediments of the Arapahoe Formation have cut into the finer-grained marine sediments of the 
Laramie Formation. Thus sediments of the Laramie Formation may lie under or adjacent to 
Arapahoe Formation sediments, depending on spatial proximity to the deepest part of the 
channel. Therefore, the formational assignment of subcropping clay stones is dependent upon 
proximity to channel sands currently assigned to the Arapahoe Formation. Clay stones 
intercalated with channel sands are also assigned to the Arapahoe Formation; darker colored 

OU4 Draft Proposed WIRA Decision Document 
11.3-292 May 21, 1994 



carbonaceous claystones not associated with channel sands are assigned to the Laramie e Formation. 

However, since stratigraphic assignments (age determinations) are beyond the scope of 
this investigation, and unlike physical properties are not paramount to hydrogeologic modeling, 
they are used only for clarity in a discussion. For example, there is lithological data supporting 
an Arapahoe Formation assignment for shallow and subcropping sandstones; therefore these 
sandstones and intercalated claystones are referred to as Arapahoe Formation sediments for 
descriptive purposes. The proper stratigraphic assignment of subcropping and deeper siltstones 
and claystones cannot be made equivocally; therefore these sediments are simply referred to as 
bedrock siltstones and claystones. 

The bedrock package beneath OU4 is composed of claystone and silty claystone with 
sandy siltstone and intercalated lenticular sandstone bodies. Each of the various lithologies and 
their distribution in the subsurface is described in this section. Figure 11.3.5-16 is a subcropping 
bedrock map superimposed on Figure 11.3.5-13, the bedrock surface elevation map. Figure 
11.3.5-16 shows the distribution of bedrock lithologic units that are in contact with the various 
surficial units described in the previous section. Figures 11.3.5-8 through 11.3.5-12 show the 
stratigraphic and lateral distribution of these bedrock units at depth. These figures indicate that 
claystone is the predominate subcropping lithology with minor, but hydrogeologically important, 
areas of siltstone and sandstone. 

The lithologies of the bedrock package have also been variously altered by weathering. 
As previously mentioned, since the bedrock pediment surface was subjected to erosion prior to 
the deposition of surficial units, the upper approximately 30 feet of the bedrock package exhibits 
the effects of weathering. Weathering induced fractures and fracture fillings in bedrock clay- 
and siltstones, and imparted an additional degree of friability on coarser-grained sandstone units. 
Since weathering alters the hydraulic properties of the subcropping bedrock package, the 
locations and thickness of weathered zones were identified in this investigation. The nature and 
extent of fractures are described in the following section (II.3.5.2.2), whereas the extent of the 
"weathered zone" is described in the seismic refraction section (11.3.5.4.3). 

e 

II.3.5.2.2 Bedrock Clay st one 

Clay stones are laterally and stratigraphically the most common bedrock lithology beneath 
OU4. These claystones often contain a significant amount of silt, more rarely some sand, but 
can also be nearly pure clay. When claystones are proximal to the surface they commonly 
contain 1 to 6 feet of caliche. Most claystones are light-to-medium olive-gray, but occasionally 
range to olive black or dark yellowish-orange. They are commonly thinly to thickly horizontally 
laminated, and rarely thinly to moderately bedded or contain inclined stratification (15 to 40 
degrees from horizontal). 

Fractures in claystone bedrock were observed in Phase I boreholes 41593,41693,41793, 
42093, 42493, 42593, 43593, 43793, 44093, 44393, 44693, 44793, 44893, 44993, 45293, 
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45393, 45693, 46193, 46293, 46393, 46593, and 46793. These fractures occurred 10 to 40 
degrees from horizontal and commonly contained caliche or iron oxide. Since some of these 
fractured claystones are located beneath the SEPs, they offer potential migration pathways for 
contaminants to enter the subsurface system. Therefore, a specific discussion of fractured 
bedrock claystone beneath the SEPs is presented in Table 11.3.5-2. Additionally, in order to 
provide a more complete geologic picture of the claystone immediately beneath the SEPs, or 
more specifically, where fractured claystone is not found, the discussion in Table 11.3.5-2 is 
extended to include all boreholes that encountered claystone beneath the SEPs. 

All observations listed in Table 11.3.5-2 are summarized on Figure 11.3.5-16 (the 
subcropping bedrock lithology map), Figures 11.3.5-8 through 11.3.5-12 (geologic cross-sections 
of the OU4 area), and Figures 11.3.5-19 through 11.3.5-25 (geophysical cross-sections of the 
OU4 area). 

II.3.5.2.3 Bedrock Siltstone 

Siltstones subcrop beneath northern portions of SEPs 207-A and 207-B North (Figure 
11.3.5-16). Bedrock siltstones beneath OU4 are brown to light yellowish brown, and rarely 
range to olive brown. Siltstones commonly contain horizontal bedding with manganese and iron 
oxide staining. The largest continuous subcropping siltstone body occurs adjacent to Arapahoe 
Formation sandstone north of SEPs 207-A and 207-B North (Figure 11.3.5-16). Several studies 
of modern examples (Miall, 1985) indicate that siltstones found stratigraphically and laterally 
proximal to fluvial sandstones are commonly overbank or crevasse splay deposits. If this 
inferred association is true, this siltstone body was deposited synchronously with the sandstone 
and is Arapahoe in age. Other isolated siltstone bodies subcrop in boreholes 41793, 40393, 
44993, and 40093, and occur 20 to 60 feet below the larger inferred Arapahoe siltstone body. 
The lower stratigraphic position of these siltstones and their lateral association with claystones 
suggest they may be Laramie in age. The lateral extent of these subcrops is estimated using 
available data on Figure 11.3.5-16. 

(I) 

Since it can be reasonably assumed that siltstones in general will exhibit higher values 
of hydraulic conductivity in comparison to claystones, it follows that they offer potential 
migration pathways for contaminants to enter the subsurface. Therefore, since some of these 
siltstones are located proximally or beneath the SEPs, a specific discussion of the siltstones 
encountered in boreholes near or beneath the SEPs is presented in Table 11.353. 

All these observations are summarized on Figure 11.3.5-16 (the subcropping bedrock 
lithology map) and Figures 11.3.5-8 through 11.3.5-12 (geologic cross-sections of the OU4 area). 
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TABLE II.3.5-2 
DESCRIPTION OF CLAYSTONE ENCOUNTERED IN BOREHOLE 

BOREHOLE 
NUMBER: 

42593 

43393 

43693 

46693 

DESCRIPTION: 

Located in the east-central portion of SEP 207-A, encountered silty 
claystone bedrock at 8.0 feet below grade. Abundant caliche was 
found at 8.3 feet, from 8.9 to 9.7 feet, at 10.3 and 11.4 feet below 
ground surface. The silty clay stone also contained a iron-oxide- filled 
fracture at 14.1 feet and manganese-oxide coating on microfractures 
from 12.7 to 15.2 feet below grade. Manganese-oxide-coated 
microfractures were observed at 0 and 90 degrees from the horizontal 
between 12.7 and 12.9 feet below grade. Faint horizontal bedding was 
also observed in a sandy siltstone zone from 15.2 to 16.8 feet below 
grade. This borehole was advanced to a total depth of 16.8 feet below 
the pond bottom; ground water was not encountered. 

Located in the southwestern portion of SEP 207-A, encountered silty 
claystone bedrock at 5.0 feet below grade. Abundant caliche was 
observed from 5.0 to 5.5 feet below grade. Ironstone concretions were 
observed at 7.7, 8.5, and 11.0 feet below grade, and iron oxide 
staining was found from 5.0 to 11.8 feet below grade. This borehole 
was advanced to a total depth of 13.6 feet below the pond bottom; 
ground water was not encountered. 

Located in the south-central portion of SEP 207-A, encountered silty 
claystone bedrock with crude horizontal bedding at 10.0 feet below 
grade. Ironstone concretions were observed between 10.0 and 10.4 
feet below grade. A manganese-oxide coating was found on 
microfractures between 11.2 and 1 1.6 feet below grade. This borehole 
was advanced to a total depth of 13.0 feet below the pond bottom; 
around water was not encountered. 

Located in the north-central portion of SEP 207-B North, encountered 
claystone bedrock at 6.9 feet below grade. A caliche nodule was 
observed in this claystone at 7.3 feet below grade, an iron oxide 
concretion was also observed at 11.6 feet grade along with a trace of 
manganese staining from 6.9 to 14.8 feet below grade. This borehole 
was advanced to a total depth of 14.8 feet below the pond bottom; 
ground water was not encountered. 
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TABLE 11.3.5-2 (Continued) 
DESCRIPTION OF CLAYSTONE ENCOUNTERED IN BOREHOLE 

e 

46793 

O22fl22437I 15. WPF 

46593 

46993 

46893 

47093 

Located in the east-central portion of SEP 207-B North, encountered 
claystone bedrock at 6.5 feet below grade. A caliche-filled fracture 
and caliche nodules were observed in the claystone from 6.5 to 10.0 
feet below grade. Iron oxide-filled fractures were observed from 12.6 
to 14.4 feet below grade, and manganese oxide-filled fracture was also 
observed at 13.1 feet below grade. An unidentified crystalline material 
was observed in a fracture from 9.5 to 9.7 feet below grade. This 
borehole was advanced to a total depth of 14.7 feet below the pond 
bottom; ground water was not encountered. 

~ 

Located in the southwestern portion of SEP 207-B North, encountered 
claystone bedrock at 7.8 feet below grade. White caliche nodules were 
observed in the claystone at 9.2 and 11.8 feet below grade. Iron oxide 
staining on fracture surfaces were observed from 7.8 to 16.4 feet 
below grade. This borehole was advanced to a total depth of 16.4 feet 
below the pond bottom; ground water was encountered at 5.7 feet 
below grade. 

Located in the northwestern portion of SEP 207-B center, encountered 
claystone bedrock at 5.5 feet below grade. This claystone contained 
caliche nodules from 5.5 to 9.0 feet below grade, iron-oxide 
concretions at 5.9 and 6.3 feet below grade, and manganese-oxide 
staining from 5.5 to 13.1 feet below grade. This borehole was 
advanced to a total depth of 13.1 feet below the pond bottom; ground 
water was not encountered. 

Located in the east-central portion of SEP 207-B center, encountered 
claystone bedrock at 11.5 feet below grade. This claystone is non- 
friable and contains no visible bedding. This borehole was advanced to 
a total depth of 12.5 feet below the pond bottom; ground water was 
encountered at 9.6 feet below grade. 

Located in the south-central portion of SEP 207-B center, probably did 
not penetrate bedrock due to auger refusal. However, there was no 
recovery from 8.0 to 9.8 feet below ground level. Therefore, the 
bedrock contact may be as high as 8.0 feet below ground. This 
borehole was advanced to a total depth of 9.8 feet below the pond 
bottom; ground water was observed at a depth of 6.0 feet below grade. 
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TABLE II.3.5-3 
DESCRIPTION OF SILTSTONES ENCOUNTERED IN BOREHOLE 

BOREHOLE 
NUMBER: 

41593 

42493 

41193 

41793 

a 022fl22437115 .WPF 

DESCRIPTION: 

Located in the north-central portion of SEP 207-A, encountered 
sandy siltstone bedrock at 5.9 feet below grade. This sandy 
siltstone contained abundant caliche-filled fractures and a trace of 
iron-oxide staining from 5.9 to 7.9 feet below grade. This borehole 
was advanced to a total depth of 7.9 feet below the pond bottom; 
ground water was not encountered. 

Located in the west-central portion of SEP 207-A, encountered a 
sandy siltstone at 8.1 feet below grade. This sandy siltstone 
contained caliche-filled vertical fractures, iron-oxide staining and a 
trace coating of manganese oxide from 8.9 to 10.2 feet below grade. 
Between 8.9 and 10.2 feet below grade, the sandy siltstone is 
interbedded with silty claystone. This borehole was advanced to a 
total depth of 10.2 feet below the pond bottom; ground water was 
encountered at 7.0 feet below grade. 

Located approximately 60 feet north of the northeastern comer of 
SEP 207-A, encountered clayey siltstone at 7.8 feet below grade. 
This clayey siltstone contained crude horizontal bedding, some 
manganese oxide staining, and a trace of iron-oxide staining. It also 
contained some thin clay laminations from 11.0 to 12.0 feet below 
grade. This borehole was advanced to a total depth of 13.6 feet 
below the pond bottom; ground water was not encountered. 

Located near the middle of the eastern perimeter of SEP 207-B 
North, encountered a clayey siltstone at approximately 12.3 feet 
below grade. Poor or no recovery precludes any definitive 
statements about this siltstone. This borehole was advanced to a 
total depth of 18.0 feet below the pond bottom; ground water was 
encountered at 10.0 feet below grade. 
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II.3.5.2.4 Arapahoe Formation Sandstone 

The depositional environment of the Arapahoe Formation has been interpreted as a e 
subaerial fluvial system with associated channel, point bar, and floodplain deposits. In the OU4 
area, the weathered Arapahoe sandstones that occur within approximately 30 feet of the base of 
the alluvium are pale orange, yellowish-gray, and dark yellowish-orange in color. These 
weathered sandstones commonly contain iron oxide staining. The unweathered sandstones are 
light gray and olive-gray. Most of sandstones are composed of very fine- to medium fine- 
grained, subangular to subrounded, poorly to moderately sorted, sand that commonly contains 
appreciable amounts of silt and clay. Arapahoe sandstones exhibit faint horizontal laminations 
or bedding and contain calcareous and argillaceous cement. Sandstone intervals in the OU4 area 
are commonly thinly to thickly interbedded and interlaminated with discontinuous siltstones or 
silty claystones. 

An objective of the Phase I borehole drilling at OU4 was to delineate the extent of 
subcropping bedrock sandstone and visually determine the presence or absence of fractures in 
it. Fulfilling this objective, Figure 11.3.5-16 depicts an estimation of the lateral extent of 
bedrock sandstone based upon currently available information. Additionally, the cross-sections 
shown on Figures 11.3.5-8 through 11.3.5-12 depict the interbedded, lenticular, and laterally 
discontinuous nature of these sandstone lenses. Fracture data for OU4 sandstones are presented 
in Table 11.3.5-4 and in Appendix I. Based on the OU4 cross-sections and the seismic refraction 
data, the Arapahoe sandstone appears to thin and nearly crop out in localized areas on the 
hillside north of SEPs 207-C and 207-A. The Arapahoe sandstone also subcrops over a limited 
area in eastern and southern portions of OU4 (Figure 11.3.5-16). @ 

Figure 11.3.5-16 shows the extent of the subcropping sandstone in the area of SEPs 207-A 
and 207-C. This sandstone appears to be approximately 20 feet thick (borehole 41993 and 
refraction seismic data) and contains claystone intercalations. This sandstone is potentially a 
path of contaminant migration because of its higher hydraulic conductivity relative to the bedrock 
clay stone. 

The lateral and stratigraphic extent of Arapahoe Formation sandstones proximal to SEP 
207-C create a complex hydrogeologic system. The complexity of the hydrogeologic system in 
this area produces large hydrostatic level fluctuations over short distances in the Upper HSU. 
Water levels in monitoring wells on the southern and western perimeters of SEP 207-C are 
considerably higher (10 to 15 feet) than the water levels indicated by neutron access tubes and 
found in monitoring wells to the noith and northeast of the northern perimeter of SEP 207-C. 
The observed hydraulic responses are hydrogeologically linked to bedrock geology. The 
geometry of the bedrock geology is a direct result of the depositional system that deposited the 
sediments. 

Areas south and east of SEP 207-C contain an approximately 7-fOOt thick subcropping 
sandstone unit that thins to approximately 2 feet to the east. An aquitard consisting of claystone 
and siltstone underlies this sandstone beneath SEP 207-C. This sandstone also underlies areas 
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to the north and northeast, although it is 20 feet thicker. Geologic cross-sections through this 
area suggest that the sandstone stratum is wedge-shaped. This geometry is common in fluvial 
depositional systems and probably formed due to helical flow at a meander or braid bend. The 
geometry of interbedded lateral and vertical accretion claystone deposits within the sandstone 
stratum also contributes to this area's complex hydraulic responses. 

@ 

Ground water in this area generally occurs in the basal portion of the sandstone stratum 
where it is underlain by a claystone aquitard. As the sandstone stratum thickens to the north and 
northeast, hydrostatic levels decrease to depths that maintain a fairly consistent water column 
thickness above the aquitard. Exceptions to this scenario are found where interbedded claystones 
cause ground water to be "perched" above where it would normally be found if the sandstone 
was homogeneous and the system was at equilibrium. Site-specific geology and water 
measurements suggest perched ground water may occur in wells P209493 and 40993 when 
recharge events are occurring and the system is not at equilibrium. 

A specific discussion of the sandstones encountered in boreholes near or beneath the SEPs 
is presented in Table 11.3.5-4. All observations listed in Table 11.3.5-4 are summarized on 
Figure 11.3.5-16 (the subcropping bedrock lithology map) and on Figures 11.3.5-8 through II.3.5- 
12 (geologic cross-sections of the OU4 area) 

II.3.5.3 Bedrock Topography 

An interpreted bedrock surface elevation map was prepared using borehole logs and 
seismic refraction data (Figure 11.3.5-13). This surface is the eroded unconformable pediment 
surface. Interpretation of the data reveals a variable topographic bedrock surface with 
southwest-to-northeast trending linear ridges extending into the North Walnut Creek drainage 
from the OU4 pediment. Within the North Walnut Creek drainage, the closed bedrock contours 
and nearly closed contour highs are interpreted to be isolated bedrock slump blocks with 
probable multiple basal shear planes. The closed bedrock contour highs on the pediment ridge 
are interpreted to be weathered bedrock remnants or construction features associated with 
building the SEPs. Additionally, there are four bedrock topographic lows extending from the 
North Walnut Creek drainage. Bedrock surface lows are interpreted to be incised channels, the 
result of pre- and synchronous-Rocky Flats Alluvium erosion on the bedrock pediment "mesa" 
surface. Incised channels on modern stream slopes are pre-colluvium, or pre-Holocene. 
Generally, the ridges and highs are of low relief (approximately 5 to 8 feet) and broad in extent. 

@ 

Pediment features include two small slump blocks on the northern end of the ponds and 
an inter-pond ridge. Refraction Line 3 is interpreted to be on a ridge of bedrock separating SEP 
207-A and the 207-B Series SEPs. The closed contour highs on the northern ends of SEPs 207- 
C and 207-A are interpreted to be slump blocks. Boreholes 42093, 41593, and P209489 
adjacent to these slump blocks contain abundant fractures (20 to 30 degrees) and caliche. 
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TABLE II.3.5-4 
DESCRIPTION OF SANDSTONES ENCOUNTERED IN BOREHOLE 

BOREHOLE 
NUMBER: 

41993 

42393 

42993 

DESCRIPTION: 

Located near the northwestern perimeter of SEP 207-C, encountered 
a horizontally bedded silty sandstone at 7.6 feet below grade. This 
non-calcareous fine-grained, well-sorted sandstone contains some 
frosted, medium-grained quartz sand. The silty sandstone contained 
silty claystone interbeds from 14.0 to 15.5 feet below grade, and 
exhibited sparse healed vertical fractures. Between 15.5 and 20.0 
feet below grade, a silty claystone with silt- and sand-rich interbeds 
was observed. This borehole was advanced to a total depth of 20.0 
feet below the pond bottom and encountered ground water at 7.8 
feet below grade. 

Located near the southwestern perimeter of SEP 207-C, encountered 
a silty sandstone at approximately 8.1 feet below grade. This 
sandstone is slightly to non-calcareous, very fine- to fine-grained 
and very well- to well-sorted. It also contains approximately 5 to 10 
percent well-rounded and frosted quartz sand. Claystone was 
observed at 14.0 feet below grade. This borehole was advanced to a 
total depth of 15.1 feet below the pond bottom and encountered 
ground water at 4.3 feet below grade. 

Located near the southeastern corner of the perimeter of SEP 207-C, 
penetrated a silty sandstone at 13.3 feet below grade. This 
sandstone lies below an approximately 0.4-foot-thick silty clay stone 
at 12.9 feet below grade, which appears to be the top of bedrock. 
However, there was no core recovery from 10.0 to 12.9 feet below 
grade. This sandstone is non-calcareous, very fine- to fine-grained, 
well sorted, and contains a trace of rounded medium to coarse sand. 
This sandstone also contained clay clasts. The silty sandstone 
graded into a clayey siltstone at 13.8 feet. Since the sandstone was 
only 0.5 feet thick and O C C U K ~  between claystone strata, it is not 
shown as a subcropping sandstone on Figure 11.3.5-16. This 
borehole was advanced to a total depth of 18.4 feet below the pond 
bottom and encountered ground water at 10.9 feet below grade. 
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TABLE II.3.5-4 (Continued) 
DESCRIPTION OF SANDSTONES ENCOUNTERED IN BOREHOLE 

40993 

42193 

Located along the north-central perimeter of SEP 207-C, 
encountered a silty sandstone with faint horizontal bedding at 9.7 
feet below grade. This sandstone is vey fine- to fine-grained, 
moderately- to well-sorted, and contains frosted quartz grains. This 
sandstone is 1.8 feet thick and lies above a 16-foot interval of 
interbedded silty sandstone, claystone, and sandstone. This borehole 
was advanced to a total depth of 34.5 feet below the pond bottom 
and encountered ground water at 26.2 feet below grade. 

Located beneath the northwestern portion of SEP 207-A, 
encountered a clayey sandstone from 7.4 to 10.0 feet below the 
pond bottom. This clayey sandstone contained healed caliche-filled 
vertical fractures at 8.5 feet below grade. This sandstone is very 
fine- to fine-grained, well sorted, and.contains a trace of rounded 
and frosted medium-grained quartz sand. Thin horizontal (ripple) 
bedding was observed from 7.4 to 10.0 feet. A sandy claystone 
with abundant thin horizontal laminations was encountered between 
10.0 and 15.4 feet below the pond bottom. Claystone with 
interbedded siltstone was encountered from 15.4 to a total depth of 
3 1.3 feet. This claystone contained horizontal laminations from 
15.4 to 20.3 feet below grade. The siltstone/clayey siltstone also 
contained laminations between 26.7 and 27.9 feet below the pond 
bottom. Geophysical borehole logging was conducted in borehole 
42193. This borehole was advanced to a total depth of 31.3 feet 
below the Dond bottom. 
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II.3.5.3.1 Incised Bedrock Channels and Preferential Flow Paths 

Buried incised bedrock channels and ridges are present at the base of the Rocky Flats 
Alluvium and are shown on Figure 11.3.5-13. Five bifurcating incised bedrock surface channels 
are interpreted to be within the OU4 a ra .  These incised channels are significant because they 
represent preferential flow paths for ground water and contaminants. The largest incised channel 
is interpreted to extend entirely through the OU4 area. This large incised channel is present 
near the northeastern comer of SEP 207-B North, where it bifurcates around a bedrock high 
which is covered with the clayey & silty lithofacies, and extends northward as one channel 
toward the North Walnut Creek drainage. The southern extension of this incised channel 
appears to underlie SEPs 207-B North and 207-B Center and the southern portion of SEP 207-A. 
Another incised channel bifurcates into separate incised channels on the hillside northeastern 
corner of SEP 207-A. A topographic high in the bedrock surface occurs between these two 
incised channels. The remaining two incised channels are present east of the 207-B Series SEPs. 
These incised channels begin east of SEP 207-B South and extend northward toward North 
Walnut Creek. The other incised channel is further to the east. A bedrock topographic high 
approximately 350 feet east of the 207-B Series SEPs separates these bifurcated incised channels. 

II.3.5.4 Geophysical Investigation Results 

Borehole geophysical data and seismic refraction data were used to characterize the 
subsurface geology and bedrock paleotopography e The objectives of the borehole geophysical 
logging were to characterize the subsurface moisture and the geophysical signature of subsurface 
soils and bedrock materials. The purpose of the seismic refraction survey was to identify 
subsurface features (buried drainages and bedrock channels) that may provide potential pathways 
for contaminant migration. 

@ 

While interpretation of the geophysical logs was limited to a qualitative analysis, 
qualitative and quantitative information was obtained from the seismic refraction survey. 
Quantitatively, the refraction survey aided in the interpretation of the bedrock surface in areas 
where borehole data were not available. The refraction data depict a variable bedrock surface 
with elevation changes of up to 15 feet over a horizontal distance of 50 feet in some areas. 
Qualitatively, the refraction survey depicts zones of highly weathered bedrock up to 30 feet 
thick, and delineates probable locations of incised channels. 

II.3.5.4.1 Borehole Geophysics 

Geophysical borehole logging techniques were employed in two boreholes which were 
advanced for geological investigation. These techniques included natural gamma, neutron, and 
resistivity for further characterization of the subsurface geology. Gamma logs measure natural 
radioactivity in formations and can be used to identify lithologies and correlate zones. Neutron 
logs are porosity logs that measure the hydrogen ion concentration in a formation. Where the 
pore space is filled with water, the neutron log measures liquid-filled porosity. The ability of 
rock to transmit an electrical current is almost entirely the result of water in the pore space (Le., 
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minerals in grains of rock are nonconductive); therefore resistivity measurements can be used @ to determine porosity. 

The two wells selected for borehole logging were 42193 and 44193, both within the 
Protected Area (PA) at RFP. Borehole 42193, located northwest of SEP 207-A, was drilled 
31.3 feet in total depth and terminated in bedrock claystone. Borehole 44193, located near the 
southeastern comer of the 964 Pad, was drilled 50.2 feet in total depth and terminated in silty 
claystone bedrock. Figures 11.3.5-17 and 11.3.5-18 show the results of these geophysical logging 
surveys combined with the lithology for each borehole. 

Results from the borehole geophysics indicate that a porous saturated zone is present from 
approximately 12.1 to 15.0 feet below grade in borehole 42193. This porous saturated zone is 
within a sandy claystone. Below this zone is a less porous zone, reflected in the neutron log. 
At approximately 15.5 feet the neutron log indicates a decrease in porosity/moisture content 
which corresponds with a lithology change to a claystone. Based on the gamma and neutron 
responses observed in this borehole, it appears that there is a saturated/porous zone, consisting 
of sandy claystone, lying above a less porous zone of claystone. 

Borehole geophysics indicate that saturated porous rocks are present between 
approximately 17.5 and approximately 48.6 feet below grade in borehole 44193. The most 
saturatedporous zone occurs between 20.0 and 21.5 feet below grade. A slightly less porous, 
less saturated zone is encountered at approximately 25.5 feet below grade and continues to 
approximately 29.5 feet below grade. This zone is entirely within a claystone unit. Another 
saturated/porous zone occurs at approximately 38 feet below grade, roughly coinciding with a 
lithology change from a claystone to a silty claystone. In this borehole, it appears that more 
porous units, depicted by a higher moisture content, are separated by less porous zones with 
lower moisture con tent. 

0 

The more porous intervals may serve as horizontal pathways for contaminant transport 
in the saturated intervals of the bedrock aquifer. Alternatively, the less porous zone may act as 
a barrier to vertical contaminant migration. 

The gamma log response between alluvial and bedrock materials in these boreholes 
correlates with the lithologic logs. In borehole 42193, weathering of the clayey sandstone 
bedrock and caliche-filled fractures near the bedrock-alluvial contact delayed a sharp gamma 
response for approximately 2 feet where a "tight" sandy claystone was encountered. In borehole 
44193, there was a lack of core recovery between 16.2 and 23.4 feet (the bedrock-alluvial 
contact lies within this interval). Therefore, the gamma log response was used to select the 
contact depth. The gamma log for 44193 contains a sharp kick at approximately 19 feet below 
the ground surface. This sharp response signifies the sudden change from coarse alluvial 
materials to finer-grained bedrock clay stones and represents the alluvial-bedrock contact. 
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II.3.5.4.2 Seismic Refraction Data Acquisition 

Seven shallow seismic refraction survey lines were recorded in the OU4 area. The 
locations of these lines are shown on Figure 11.3.5-7. The refraction data provide arrival time 
differences of an energy wave recorded by geophones at various distances from the energy 
source. These times are plotted versus distance to obtain depth profiles and velocity information 
using SEISREFRA, a ray-tracing computer program. The refraction depth profiles developed 
(Figures 11.3.5-19 through 11.3.5-25) were interpreted using geologic information to identify 
potential pathways of contaminant migration. 

The seismic refraction data are limited by cultural noise, the accuracy of surveyed 
locations of the refraction lines, the surface geophone separation, and the geometry of the 
refraction survey. The evaporation fans along Line 4 provided the only cultural noise that 
impacted the OU4 survey, and therefore Line 4 was not used in the analysis. Surveyed accuracy 
of the refraction survey is estimated to be 1 to 2 feet vertically and approximately 5 feet 
horizontally, which is acceptable. The 1 to 2 foot variations observed between lithologic 
borehole logs and the refraction survey data are assumed to be a combination of the surveying 
accuracy, an elevation variation resulting from a spacial separation between the refraction line 
and the borehole, and the accuracy of the refraction survey analysis. The surface geophone 
separation of 10 feet restricts subsurface coverage separation to 5 feet. Additionally, the 
acquisition geometry of the refraction survey would theoretically allow interpretation to a depth 
of approximately 150 feet. This depth of investigation was restricted by the focus of the Phase 
I RFI/RI investigation to the near-surface geological materials (a depth of approximately 50 e feet). 

II.3.5.4.3 Seismic Refraction Data Results 

The acquisition configuration used in the refraction survey of OU4 identified four 
refraction layers. While not every refraction depth profile exhibits all four layers, certain layers 
have common characteristics. These conclusions are drawn from using the geologic borehole 
logs in conjunction with the refraction depth profiles. Generally, the upper layer (Layer 1) is 
less than 5 feet thick and has a velocity ranging from 690 to 1,900 feet per second (fps). This 
layer is associated with the surficial or subsurface soils with a USCS ML classification alluvium 
Lithofacies 4. Coarser-grained subsurface soils tend to be geophysically incorporated 
(transparent), due to their similar acoustical properties of velocity and density, into the second 
layer (Layer 2). The second layer is approximately 10 feet thick and has a velocity ranging 
from 2,000 to 2,800 fps. This second layer is associated with the unconsolidated coarse-grained 
geological materials (GW, GP, GM, and GC of the USCS classification or the sandy, sandy 
gravel, or clayey-silty gravel lithofacies) of the Rocky Flats Alluvium or weathered friable 
sandstones of the Arapahoe Formation. The third layer (Layer 3) is geophysically similar in 
velocity to the second layer. Borehole geology enables an interpreted separation between these 
two layers. Layer 3 ranges in thickness from 5 to 30 feet and has velocities that range between 
2,000 to 3,600 fps. This third layer is associated with weathered bedrock lithologies. The 
slower velocities typically are weathered, semi-consolidated friable sandstones, and the higher 
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velocities are associated with weathered silty claystones. The lowermost layer, Layer 4, 
represents velocities that are associated with consolidated silty claystones and clay stones. Layer 
4 ranges in velocity between 4,700 and 7,500 fps. The slower velocities are typically laminated 
siltstones or sandstones interbedded with claystones and the higher velocities are more massive 
clay stones. 

e 
The refraction layers exhibit an undulating surface characteristic of fluvial-erosional 

processes. Interpreted bedrock elevation differences of approximately 15 feet over 50 feet 
horizontally are observed. Depth to bedrock, obtained from boreholes, confirmed the seismic 
refraction interpretation. 

In some areas, the top of the bedrock is not interpreted as a sharp erosional contact but 
is gradational from weathered to a more consolidated surface. Weathering of the bedrock units 
affects the density and velocity measurements. The velocity change and/or density change within 
a lithology typically accounts for a refraction boundary. Weathering results in a gradational 
increase in velocity with depth, between Layers 3 and 4, the base of the weathered bedrock 
refraction boundary. Borehole geology supports this observation. Based upon the few deep 
boreholes that encountered weathered bedrock, the refraction data do not fully image the 
weathered zone, but image an intermediate, semi-consolidated weathered zone. In general, both 
borehole data and interpreted seismic refraction data along Line 2 indicate that the depth of 
bedrock weathering may be 30 feet or more. However, descriptions of the lithology from 
boreholes (P2088898 and P209589) along Line 5 also place the base weathering at approximately 
30 feet into bedrock, but the refractor associated with the semi-consolidated "weathered" layer 
extends only to a depth of 10 feet into bedrock at these borehole locations. Even though the 
refraction data do not always detect the base of weathering, areas where more intense weathering 
has occurred can be identified. The deepest area of weathering or semi-consolidated bedrock 
is identified in the North Walnut Creek drainage, where approximately 30 feet of bedrock are 
affected. 

e 

Incorporating the refraction data into the bedrock surface map facilitated identification 
of potential contaminant pathways. The interpretation identified bedrock lows where potential 
incised channels may exist, located zones of "weathered" semi-consolidated bedrock where 
fracturing may be more extensive and permeabilities higher, distinguished the geometry of a 
subcropping sandstone lenses, and also identified potential slump-block features north of the 
SEPs. The following section discusses the depth profiles derived from the refraction survey and 
the integration of lithologic information from subsurface drilling. 

XI.3.5.4.4 Depth Profiles 

Geologic data obtained for both historical and Phase I boreholes located along and 
adjacent to the refraction survey lines (Figure 11.3.5-7) were used to relate the velocity layers 
to lithology and to map the alluvium-bedrock contact. Two designations are used for subsurface 
borings used in the interpretation of the refraction depth profiles and are termed "plotted" and 
"spotted" boreholes. Plotted boreholes are those found within about 20 feet of the refraction line 
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where ground elevation was approximately coincident with the refraction line. Spotted boreholes 
also occur at distances less than 20 feet, but are much lower or higher in elevation than the 
refraction line. Since the ground surface elevations of the spotted boreholes are different than 
the refraction line, discrepancies between the refraction depth profile and borehole geology 
occur. However, the geology from the spotted boreholes was used for lithologic characterization 
of the refraction layers. 

e 

Data used from the plotted boreholes included ground surface elevation, soil and 
lithologies observed, top of bedrock, and the total depth drilled. Only limited geologic 
information was used from the spotted boreholes because of the discrepancies caused by their 
distance from the refraction survey line. Although not specifically shown on the refraction depth 
profiles, the thickness of soil and bedrock lithologies between ground level and the top of 
bedrock, and thickness of coarse- and fine-grained alluvium, were used to supplement the 
refraction profile interpretation. 

Geophysical Line 1 Depth Profile 

Figure 11.3.5-19 shows the depth profile results of the refraction survey for Line 1. This 
line is along the eastern edge of the 207-B Series SEPs. All four refraction layers are depicted. 
The upper layer and the third layer are not continuous along the refraction depth profile, but are 
present along the northern end of the line. Borehole geology indicates that the upper layer is 
generally composed of subsurface soils that are typically silty (USCS ML, or the clayey and silty 
lithofacies). The upper layer (Layer 1) has a velocity signature of approximately 1,700 fps and 
has an approximate thickness of 1 to 3 feet, and thickens to 5 feet on the hillside north of the 
SEPs. 

e 
Based upon borehole geology, the second layer is composed of gravel and gravelly soils 

(GW, GM, GP, and GC, sandy gravel, clayey-silty gravel lithofacies). The other adjacent pond 
refraction profiles, Lines 2 and 3, have a similar layer. This layer may represent the major 
component used in the construction of the berms surrounding the 207-B Series SEPs. The 
material exhibits a velocity between 2,000 and 2,800 fps and is approximately 10 feet thick. For 
most of the depth profile, the second layer rests directly upon the competent bedrock surface 
(Layer 4). Along the northern 100 feet of the Line 1 refraction profile, an approximately 10- 
foot-thick section of semi-consolidated "weathered" bedrock exists. This zone may be associated 
with the more extensive and thicker intermediate weathering zones of North Walnut Creek. 

Two spotted boreholes, P210289 and 05393, are approximately 15 feet to the west of 
Line 1 and have bedrock elevations 3 to 5 feet higher than the consolidated bedrock refractor. 
This variance is attributed to the boreholes being spatially separated from the profile. Seven 
additional boreholes are plotted along the depth profile and establish the lithology. 
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Geophysical Line 2 Depth Profile 

Figure 11.3.5-20 shows the refraction depth profile for Line 2. Three refraction layers e 
are depicted. Line 2 is along the northern edge of SEPs 207-C, 207-A, and 207-B North. Line 
2 is not continuous. Line 2 has a lateral gap in the recording of subsurface information of 
approximately 50 feet at the 230-foot station. This gap adjusts Line 2 to accommodate the offset 
configuration of SEPs 207-C and 207-A. Because the profile was acquired along the strike of 
the hillside, generally boreholes even as close as 5 feet could only be spotted and not plotted 
onto the profile because they were much different in elevation than the line. As a result, 
geologic and refraction interval data were compared on a thickness basis. 

East of the 500-foot station on Line 2 (Figure 11.3.5-20), the upper layer is interpreted 
to represent subsurface soils. Around the 800-foot station, this layer is composed of gravelly 
alluvium (USCS GW, GM, GP, and GC, sandy gravel lithofacies). The material has a velocity 
of approximately 1,400 fps and an approximate thickness of 5 to 8 feet. Further to the west 
between the 500- to 700- foot stations, the layer thins to 1 to 3 feet thick and slows in velocity 
to 920 fps, which is interpreted to represent surficial or subsurface alluvium similar to the clayey 
and silty lithofacies, or a USCS "ML." East of the 500-foot station, this upper layer rests upon 
the bedrock surface which is composed of a weathered sandy claystone to claystone. The depth 
of the semi-consolidated "weathered" zone is 10 to 15 feet below the bedrock surface. 

Geophysical Line 3 Depth Profile 

Figure 11.3.5-21 shows the depth profile for Line 3. This line is along the eastern edge 
of SEP 207-A and the western edge of the 207-I3 Series SEPs (Figure 11.3.5-7). All four 
refraction layers are depicted. The upper layer and the third layer are not continuous along the 
refraction depth profile, but are present along the extreme northern end of the line. The profile 
lithologies are derived from Line 3 intersecting within Line 2. The upper layer is classified as 
the clayey and silty lithofacies and has a maximum thickness of about 2 to 3 feet. The semi- 
consolidated "weathered" layer, consisting of a silty-clay stone, has a maximum thickness of 
about 10 feet. 

The prevailing composition of the second layer of Line 3 is gravelly alluvium (sandy 
gravel, clayey-silty gravel lithofacies). The material has a velocity between 1,900 and 2,500 fps 
and is approximately 15 feet thick. For most of the refraction profile, the second layer rests 
directly upon the consolidated bedrock surface (Layer 4). The velocity of the consolidated layer 
ranges from 5,600 fps to 5,800 fps. This inter-pond consolidated layer is approximately 500 
fps slower than the other refraction profiles for Layer 4. 

Five plotted boreholes SP0587,41693, P209089, SP0987, and 43993 are about 10 to 22 
feet west of Line 3 and have bedrock elevations approximately 3 to 5 feet lower than the 
refractor. This variance is attributed to the boreholes being spatially separated from the profile. 
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Geophysical Line 4 Depth Profile 

Figure 11.3.5-22 shows the depth profile results of the refraction survey for Line 4 and 
is included only for completeness. The data are disregarded due to the evaporator fan noise. 

Geophysical Line 5 Depth Profile 

Figure 11.3.5-23 shows the depth profile for Line 5. This line is along the northern edge 
of the PA fence (Figure 11.3.5-7). All four refraction layers are depicted. The upper layer is 
not continuous along the refraction depth profile, but is limited to the western end of the line. 
Using the lithologic description from borehole 40693, the upper layer is alluvium lithofacies 4 
and has a maximum thickness of 2 to 3 feet with a velocity of 780 fps. Lithologic information 
from borehole 42693 and the slightly slower velocity of 990 fps indicates the clayey and silty 
lithofacies is also present in the 250- to 450-foot station area, but is interpreted to comprise only 
1 to 2 feet of the second layer. 

The second layer on Line 5 is nearly continuous, being absent only at the 1,130-foot 
station area where the bedrock is interpreted to crop out. Layer 2 is interpreted to be composed 
of both fine-grained and coarse-grained alluvium. The thickness of the second layer ranges from 
0 to 10 feet thick, being the thickest at the 500- to 600-foot station area and at the 1,330-foot 
station. The second layer velocity ranges from 990 to 1,700 fps. Using the description of the 
lithology from the boreholes, the slower second layer velocities are alluvium similar to the 
clayey and silty lithofacies, while the higher velocities are similar to the clayey-silty gravel 
lithofacies. The base of the second layer is interpreted to be the top of bedrock. @ 

The third layer for Line 5 is interpreted to be the semi-consolidated "weathered" zone 
in which the bedrock acoustic properties have been altered by weathering. The semi- 
consolidated "weathered" layer ranges in velocity from 2,300 fps to 3,600 fps and ranges in 
thickness from 5 to 15 feet. Using the borehole lithology descriptions, the semi-consolidated 
"weathered" bedrock refraction layer is composed of silty claystone to clayey siltstone. 

Along Line 5, Layer 4 has a velocity range from 5,800 to 7,500 fps. The 5,800 fps 
velocities are between the 900- to 1,330-foot stations. Using the deep log description of 
boreholes 3987 and P209589, this surface may represent a ground water table present within the 
bedrock. Higher velocities to the west are interpreted as consolidated bedrock. The highest 
velocity of the refraction survey (7,500 fps) is between the 450- and 500-foot stations. 

Four boreholes 40693, SP1087,42693, and P209889 are located between 10 and 25 feet 
from Line 5. Both ground elevations and bedrock elevations of the boreholes and the depth 
profile are approximately 3 to 7 feet apart. This variance is attributed to the boreholes being 
spatially separated from the refraction line. 

Geologic cross-section B-B' (Figure 11.3 5 9 )  was constructed using the geologic data 
The from boreholes on and adjacent to geophysical Line 5. for comparative purposes. 
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geophysical data correlates with borehole data quite well; the small discrepancies are attributed 
to the slight differences in alignment of the two lines. 0 
Geophysical Line 6 and 7 Depth Profiles 

Figures 11.3.5-24 and 11.3.5-25 show the depth profile results of the refraction survey for 
Lines 6 and Line 7, respectively. Lines 6 and 7 are within the North Walnut Creek drainage 
and display similar lithologies. Both lines indicate a thicker Layer 1 compared to the previous 
refraction depth profiles. The upper layer ranges in thickness from approximately 5 to 20 feet. 
Using the borehole geology descriptions along Line 7, the upper layer is composed of a more 
coarse-grained fraction which is reflected in a slightly higher velocity. The velocity for Layer 
1 is 1,200 fps for Line 6 and 1,300 fps for Line 7. Within Layer 1 on Line 7, an additional 
layer is discerned. This layer is about 1 to 2 feet thick and has a velocity of 690 fps. For Lines 
6 and 7, the depth profiles show the upper layer resting directly upon the semi-consolidated 
"weathered" bedrock layer. The velocity of the weathered layer ranges from 2,000 to 2,200 fps. 

II.3.5.5 Summary 

Based upon the geological investigations within OU4, four potential contaminant 
pathways were identified. These pathways are the incised bedrock channels which are often 
filled with material (sandy, sandy gravel lithofacies) that exhibits a relatively higher value of 
hydraulic conductivity (- to lo-" cm/sec) than other alluvial or bedrock units, the semi- 
consolidated "weathered" bedrock zone identified by borehole and refraction seismic data, a 
sandy lens beneath the area of SEP 207-C, and fractures within the claystone bedrock. 0 

There are incised bedrock channels that will affect the flow of subsurface fluids. The 
incised channels generally contain sandy and sandy gravel lithofacies, which have a higher value 
of hydraulic conductivity associated with them in comparison to the clayey-silty gravel and 
clayey and silty lithofacies. The incised channels and alluvium stratigraphic profile may affect 
the flow direction of fluids within the Rocky Flats Alluvium. Areas on Figure 11.3.5-14 overlain 
by the sandy or sandy gravel lithofacies are potential contaminant pathways into bedrock, 
especially if these areas are underlain by a sandstone, siltstone, or fractured claystone (Figure 
11.3.5-16). The potential pathway is further mitigated or enhanced by the physical characteristics 
(Le., predominant grain size, porosity) of the alluvial material lying above that shown on Figure 
11.3.5-14. Cross-sections showing the stratigraphy of alluvium (Figures 11.3.5-8 through 11.3.5- 
12) above potential pathways gleaned from Figures 11.3.5-14 and 11.3.5-16 suggest the area 
around SEP 207-C has the greatest potential for contaminant migration because of the underlying 
Arapahoe Formation sandstone. 

Also, as indicated by the semi-consolidated "weathered" zone of the refraction data, the 
depth of the weathering has affected the upper portion of the bedrock surface. In North Walnut 
Creek, this zone has extended into the bedrock to a depth of approximately 30 feet. Based upon 
the refraction data, the semi-consolidated "weathered" zone has a slower velocity than the 
consolidated bedrock indicating that the porosity of the weathered bedrock has increased. This 
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is a potential migration pathway because weathering may have affected the transmission and 
retention properties of the upper bedrock strata. 0 

The sandy lens of the Arapahoe Formation sandstone is larger than what is delineated by 
borehole control and extends to the west beyond the northwestern edge of SEP 207-C. This is 
a potential contaminant transport pathway because of its higher hydraulic conductivity relative 
to the claystones. 

Lastly, the fractures associated with the slump blocks may provide a potential pathway 
for contaminant migration. The southern extent of the fractured bedrock at least involves the 
northern portion of the SEPs. 
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II.3.6 Quality Assurance/Quality Control Results a - 
This section provides an evaluation and summarizes the results of the QA/QC procedures 

in place during the Phase I RFI/RI and evaluates whether QA/QC goals were met. Additionally, 
an evaluation of the usability of both the Phase I and the historical data sets is presented in this 
section. While summarized results are presented in these sections, individual compiled data 
groups from which the summary results were derived are listed in Appendix Y. 

II.3.6.1 Results of AuditdDeficiency Reports 

The deficiency reports generated as a result of field QA audits during the Phase I RFI/RI 
were reviewed. The audit reports and corrective actions documents associated with the Phase 
I RFI/RI field activities are included in Appendix K. During the course of the field activities, 
several audits were conducted following the schedule outlined in the sitewide Quality Assurance 
Project Plan (QAPjP). A number of deficiencies were identified and the appropriate reports 
were generated. The following is a general summary of the deficiencies noted: 

Incorrect or incomplete information presented in the field logbooks; 
Incorrect completion of various field forms; 
Improper radiation screening and containerizing of PPE; 
Storage of more drums than permitted per pallet; 
Record package transmittal problems; and 
Use of hollow-stem auger drilling methods instead of drive sampler. 

0 

0 

0 

0 

0 

All of these deficiencies were addressed. None of the deficiencies noted during the Phase 
I RFI/RI affected the quality of the data generated. In general, field activities, including sample 
collection and handling, were conducted within the quality requirements outlined in the QAPjP, 
Work Plan QAA, TM1, and TM2. The exception was holding times of nitrate samples. 

II.3.6.2 Phase I Data Management and Quality 

This section provides a discussion and summary of the data management practices used 
during the Phase I RFI/RI an provides an evaluation of the data quality and usability. 

II.3.6.2.1 Data Management 

The data presented in the summary tables and figures throughout Section 3.0 of this 
report represent the results of the Phase I RFI/RI obtained to meet the data quality objectives 
outlined in Sections 4.0, 7.0, 9.0, and 10.0 of the work plan and the subsequent technical 
memoranda (TM1 and TM2). Data quality objectives are qualitative and quantitative statements 
that specify the quality and quantity of data required to support the objectives of the RFI/RI. 
Data quality levels appropriate to the data need and data use are specified in Table 4-1 of the 
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Phase I RFI/FU Work Plan. Data quantity levels are specified in Section 7.0 of the Phase I 0 RFI/RI Work Plan. 

During the field sampling and analysis plan, a comprehensive set of field observations, 
field measurements, and laboratory data was generated to augment the historical data set for 
OU4. The data developed during the Phase I RFI/RI provide additional information to 
characterize the site physical features and to evaluate of the nature and extent of contamination 
in the unsaturated zone. 

The data obtained during Phase I were evaluated independently of the historical data set, 
and an evaluation of the Phase I data usability is presented here. The historical data were 
evaluated to determine usability for incorporation into the Phase I data set and in the evaluation 
of the nature and extent of contamination. The Phase I and historical data used include both 
validated and invalidated data sets. Rejected data are presented in the appendices but are not 
incorporated into the evaluation of the contaminant sources or statistical analyses. 

All data are used in the determination of the data usability. Analytical data results from 
soil samples collected above the maximum vadose zone thickness (minimum historical ground 
water elevation) were used to determine the nature and extent of contamination in the vadose 
zone. More discussion on the rationale for using the data from the defined unsaturated horizon 
is presented in Section 4.1, Data Quality. 

Strict handling, storage, and shipping procedures following SOP-FO. 13 were maintained 
throughout the field program. Documentation of field activities and data tracking sheets were 
maintained as specified in the various SOPs by the Field Activities Task Leader in the field 
office and were periodically transferred to EG&G and the QA contractor for review. QA 
records were maintained in the field trailer per Field Document Control procedures (SOP- 
F0.02). The QA records were transferred to EG&G on a specified schedule throughout the field 
program. 

@ 

II.3.6.2.2 Data Usability Summary 

The Phase I RFI/RI was conducted in accordance with the sitewide QAPjP and the SOPs 
as amended by the work plan, QAA, and existing TMs. Procedures for data quality control, 
verification, entry into WEDS, archiving, and security followed SOP F0.14. DQOs were 
initially established in the work plan. The sampling and analysis activities were implemented 
using these work plan objectives and all addenda to these objectives as outlined in TM1 and 
TM2. Per EPA-guidance, DQOs are expressed in quantitative and qualitative terms of precision, 
accuracy, representativeness, completeness, and comparability that are referred to as the PARCC 
parameters. 

This section presents the summary of the data usability for the Phase I data. The data 
usability summary evaluates how the data quality supports or limits the achievement of the 
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prescribed DQOs, and how the quality of the data affects the usability of the data. 
Achievements of the individual PARCC parameters in relation to media and analytical method 
are described along with broad impacts to the data sets for the Phase I RFI/RI. 

The historical data usability is also described in this section. The historical data are 
presented separately because the laboratory and field quality control procedures for the historical 
data varied over time and varied from the Phase I data quality control procedures. 

II.3.6.2.3 Data Validation Phase I Data 

Analytical data collected during Phase I RFI/RI used EPA and other well-established 
methods that are identified in the GRRASP (EG&G, 1991) and QAPjP. The analytical data 
were reviewed and validated independently of the laboratory or the sample collection contractor, 
and the results were documented in data validation reports. Standard method-specific data 
validation procedures developed by the Environmental Restoration Division (ERD) and based 
on the EPA CLP data validation functional guidelines were used to validate the data. 

The three classes of data quality used by ERD are: 

V - Valid and usable without qualifications; 
A - Acceptable for use with qualifications; and 
R - Rejected. 

Other qualifiers, as presented in Table 11.3.6-1, fall within these three basic categories. 
For the purposes of the Phase I RFI/RI, valid and acceptable data were considered of equal 
utility. Rejected data were not used in any statistical computations or contaminant source 
evaluation. 

e 

Table 11.3.6-2 summarizes the status of the Phase I data validation by media and analyte 
group. As of March 1994, 87 percent of all Phase I data have been validated. Data that have 
not been validated at the time of preparation of this document are used to provide adequate 
quantities of data for contaminant evaluation and statistical analysis (invalidated data are noted 
in Appendix Y). As identified from the validated data, the integrity of the data is confirmed by 
the large percentage of acceptable results. Of the 87 percent of the data that have been 
validated, only 1.26 percent have been rejected. 

Listed in Table 11.3.6-3 are summaries of the reason codes used in the data base by the 
data validation contractor. Table 11.3.6-4 presents the reason codes which were identified for 
the rejection of data. The most common reasons identified for the rejection of data are related 
to the failure of the organic calibration criteria or surrogates being outside of method criteria 
(codes 40, 41, and 42). The second most common rejection criteria are related to laboratory 
control samples, transcription errors, or laboratory control sample relative percent error criteria 
not being met (codes 32, 52, or 62). The rejected data have not been used in the evaluation of 
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TABLE 11.3.6-1 

EXPLANATION OF QUALIFIERS AND CODES IN DATA BASE 

VALIDATION QUALIFERS 
A 
B 
E 
J 
JA Estimated, acceptable 
R Data are rejected 
U Analyzed, not detected at/above method detection limit 
V Data are validated 
VA Data are valid, acceptable with qualifications 
Y Data will be validated 
Z Data will not be validated 
[ ] Indicates the sample was not validated 

LABORATORY QUALIFIERS 
U 
.I 
C 
B 
E 
D 
A TIC suspected aldol-condensation product-organic 
X 

Data are acceptable, with qualification 
Indicates compound was found in blank and sample 
Associated values exceeds calibration range, dilute and reanalyze 
Associated value is estimated quantity 

Undetected, analyzed for but not detected 
Estimated value < sample's detection limit 
Pesticide where ID confirmed by GUMS-organic 
Analyte found in blank and sample-organic 
Concern exceeds calibration range of instrument-organic 
Compounds identified using secondary dilution factor-organic 

Lab software flag, entered manually-organic 
* 
* 

Outside contract required QC limits-organic 
Duplicate analysis outside control limits-inorganic 

N 
W 
S 
+ 
M 
G 
I Interference 
T 
B 
D 
E Estimated due to interference-inorganic 
F 
X Results by calibration-GRRASP 
Y Indistinguish isomer in TIC-organic 
Z 

Spiked recovery not within control limits-inorganic 
Post-digest spike outside of control limit-inorganic 
Determined by MSA, can't be with + or W-inorganic 
UNKN or MSA correlation coef<0.995 for inorganic 
Duplication injection precision not met-inorganic 
Native analyte <4x spike added-inorganic 

Compound found in TCLP extract blank and sample 
< method detection limit but >= instrument detection limit-inorganic 
No surrogatehatrix spike recovery, extract diluted 

Estimated, compound off-scale in both columns-organic 

Quest ID, matrix interfer of columns-organic 

SAMPLE TYPE 
BH Borehole Soil Sample 
ss Surficial Soil Sample 
PT Pit/Trench Soil Sample 
VE Vadose Zone Water Extraction Sample 

SAMPLE QC CODE 
REAL Real 
DUP Duplicate 
RNS Rinseate 
SPLT Split 
MS Matrix Spike 
TB Trip Blank 
FB Field Blank 
MSD Matrix Spike Duplicate 
LR Lab Replicate 
CEO Geotechnical Sample 
UNKN Unknown Sample QC Code 
CTRL Biological Control Sample 
REP Biological Replicate Sample 
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TABLE 11.3.6-2 
SUMMARY OF VALIDATION RESULTS FOR PHASE I DATA 

VOLATILES 

VOLATILES 

PESTICIDES 

NOTES : DATA INCLUDED FROM RFEDS AS OF MARCH 1994 
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TABLE 11.3.6-3 
SUMMARY OF VALIDATION REASON CODES REFERRED TO 

DURING PHASE I DATA VALIDATION 
PHASE I DATA 

~ _ _ _  

Reason Times Description 
Code Referenced 

1 

4 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
21 
27 

32 
35 
36 
40 
41 
42 
43 
45 
48 
49 
51 
52 
53 
54 
59 
60 
61 
62 
69 
77 
78 
79 
83 .. 

85 
88 
89 
90 
aa 
/ /  

Total e 

953 
33 
21 
224 
203 
135 
86 
1373 
246 
905 
16 
140 
3 
3 
135 
420 
217 
37 
236 
219 
47 
368 
31 
56 
162 
247 
151 
334 
1 
2 
93 
4 
2028 
10 
57 
80 
64 
100 
272 
14 
4 
402 
15 
4 
237 
24 
4 
840 
117 

' 11373 

Holding times were exceeded 
Initial calibration correlation coefficient <0.995 
Calibration verification criteria were not met 
CRDL check sample recovery criteria were not met 
Analyte values > IDL were found in the blanks 
Negative bias was indicated in the blanks 
Interference indicat in the ICP Interf Chk Smpl 
Lab Control Sample recovery criteria were not met 
Duplicate sample precision criteria were not met 
Predigestion matrix spike criteria weren't met (+/- 25%) 
Predigestion matrix spike criteria weren't met (<30%) 
Postdigestion matrix spike recovery criteria were not met 
MSA was required but not performed 
MSA calibration correlation coefficient <0.995 
Serial dilution criteria not met 
Documentation was not provided 
Reagent blanks exceeded MDA 
Recovery criteria were not met 
Duplicate analysis was not performed 
Replicate precision criteria were not met 
Replicate analysisi was not performed 
Lab control samples >+/- 3 sigma 
tSIE criteria were not met 
MDA exceeded the RDL 
Organics initial calibration criteria weren't met 
Organics cont. calibration criteria weren't met 
Surrogates were outside criteria 
Internal standards outside criteria 
Results were not confirmed 
Linear range of instrument was exceeded 
Method blank contamination 
Nonverifiable lab results and/or unsubmitted data 
Transcription error 
Calculation error 
Incorrect reported activity or MDA 
Blank activity exceeded RDL 
Blank recovery criteria were not met 
Replicate recovery criteria were not met 
LCS relative percent error criteria not met 
Samples not distilled 
Detector efficiency criteria not met 
MDAs were calculated by reviewer 
Result obtained through dilution 
Sample rslts werent included on Data Sum. Table 
Record added by QLI 
Blank corrected results 
Sample analysis was not requested 
Sample result was validated due to re-analysis 
See hardcow for further exulanation 
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TABLE 11.3.6-4 
SUMMARY OF VALIDATION REASON CODES 

FOR REJECTED DATA 
PHASE I DATA 

Reason Times Description 
Code Referenced 

5 
8 
10 
13 
14 
18 
21 
27 
30 
31 

36 
40 
41 
42 
43 
45 
52 
62 
69 
78 
99 

2 
23 
1 
16 
2 
27 
3 
7 
8 
1 
69 
3 
11 
158 
200 
96 
19 
1 
27 
67 
7 
28 
7 

CRDL check sample recovery criteria were not met 
Negative bias was indicated in the blanks 
Lab Control Sample recovery criteria were not met 
Predigestion matrix spike criteria werent met (<30%) 
Postdigestion matrix spike recovery criteria were not met 
Documentation was not provided 
Reagent blanks exceeded MDA 
Recovery criteria were not met 
Replicate precision criteria were not met 
Replicate analysis was not performed 
Lab control samples >+/- 3 sigma 
tSIE criteria were not met 
MDA exceeded the RDL 
Organics initial calibration criteria weren't met 
Organics cont. calibration criteria weren't met 
Surrogates were outside criteria 
Internal standards outside criteria 
Results were not confirmed 
Transcription error 
LCS relative percent error criteria not met 
Samples not distilled 
MDAs were calculated by reviewer 
See hardcopy for further explanation 
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the contaminant sources or for statistical analysis. The overall low percentage of rejected data 
(< 2 percent) indicates that use of the invalidated data should not compromise the validity of 
the resulting conclusions. 

11.3.6.2.4 Assessment of Phase I Data Usability 

e 
The quantitative criteria for measuring precision, accuracy, and completeness and the 

qualitative criteria for evaluation of representativeness and comparability are defined within the 
QAPjP. For the Phase I RFI/RI, analytical data were evaluated according to control limits 
specified in the referenced analytical method and/or in the data validation guidelines. For the 
radionuclides analyses, the accuracy objectives specified in the GRRASP for the RFP sitewide 
QAPjP was followed. The specified criteria for precision and accuracy are described in the 
Work Plan QAA. Precision and accuracy for the non-analytical data were achieved through 
protocols outlined in the agency-approved SOPs and PCNs. The completeness objective for the 
OU4 field and analytical data was 100 percent, although the minimum acceptable goal set forth 
in the work plan was 90 percent. The methods and protocols used to select samples that were 
both representative and comparable are described in work plan and in the referenced SOPs of 
the FSP. 

Precision 

Precision is a measure of mutual agreement among individual measurements of the same 
property, under identical conditions. Precision is assessed by means of laboratory and field 
duplicates sample analysis. The objective of calculating sampling precision is to demonstrate 
that reproducibility of measurements between similar samples is acceptable. Precision is 
quantified by calculating the relative percent difference (RPD), which is the quotient of the 
difference between the field (real) and duplicate analytical result and the average of those results 
for the given analyte expressed as a percentage. 

Where: RPD = Relative Percent Difference, and 
V1, V2 = the values of the duplicate samples. 

Field Precision 

Following the field sample collection procedure, aqueous field duplicates from the vadose 
zone were collected using the same sampling technique that was used for the real samples. Soil 
sample duplicates were obtained by splitting the interval or collection area being sampled. 

U22/722437/18 .WPP e 
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Volatile organic duplicate soil samples were obtained by collecting two 3-inch brass sleeves in 
series within one split-spoon sampler. @ 

Comparison of the data results from the real and duplicate samples provides a measure 
of the sample homogeneity and sampling technique precision with the amount of error attributed 
to sample technique and/or variability in the analyte concentration in the medium being sampled. 
The field precision objective specified in the Phase I RFI/RI Work Plan QAA is to obtain an 
RPD of <30 percent for water samples and <40 percent for homogeneous, nonaqueous samples 
(soil). 

In conjunction with the precision objectives outlined in the QAA, the number of duplicate 
samples required to demonstrate precision was one duplicate pair for every 10 samples collected, 
or 10 percent of the field samples. Table 11.3.6-5 lists the achieved field QC sample frequency 
for the Phase I RFURI. The overall duplicate ratio achieved is 6.25 percent, or one duplicate 
for every 15.6 field samples collected. The field duplicates collected during the borehole and 
surficial sampling programs each achieved a ratio of 1 in 14 and 1 in 17, respectively (Table 
11.3.6-5). The vadose zone extraction samples achieved a ratio of 1 in 2 1. This very low ratio 
of duplicates to samples is the result of the low production rate of vadose zone water from the 
lysimeters, making duplicate samples difficult to obtain. 

A list of the duplicates and associated field samples (QC partners) is presented by method 
and analyte in Table 11.3.6-6. A summary table of the degree to which the field precision goals 
are met is provided in Table 11.3.6-7. Calculated RPDs are presented in Table 1I.Y-1 in e Appendix Y .  

Based on the available analytical results, RPDs were calculated for a total of 63 duplicate 
pairs. Overall, a total of 89.5 percent of the field duplicates analyzed met the field precision 
goal. Approximately 13 percent of the total duplicate pairs were either not available, rejected, 
or validation had not been preformed or requested. These samples were exclude from the . 
analysis. For metals and radionuclides with failed RPDs and at concentrations near the 
quantitation limit, as defined in the GRRASP, precision may be expressed as acceptable when 
the analyte concentration difference between the sample and duplicate fall within the CRQL of 
each other. Using this as a criterion, then the overall precision goal is 93.2 percent. 

All the 162 calculated RPDs from the field duplicate soil samples analyzed for pesticides 
and PCBs met the precision goals. Excluded from the analysis were 27 duplicate pairs that did 
not have available results. 

Reproducibility between the field and duplicates samples for the metals and radionuclides 
is difficult to achieve in soils due to the inherent heterogeneous nature of the samples. Some 
of the duplicate sample pairs analyzed for radionuclides reported concentrations near the 
minimum detectable activity (MDA) or were negative values. Reproducibility under these 
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TABLE 11.3.6-5 
FIELD QC FREQUENCY RESULTS 

PHASE I DATA 

MEDIA 
SAMPLE 

Borehole 

Surface Soil 

Vadose 

Total 

REAL DUPLICATE REQUIRED DUPLICATE RINSEATE REQUIRED RINSEATE 
SAMPLES SAMPLES RATIO RATIO SAMPLES RATIO RATIO 

303 22 1/10 1/14 7 1/20 1 143 

84 5 1/10 1/17 3 1 120 1/28 

128 6 1/10 1/21 2 1/20 1 164 

515 33 1/10 1/16 12 1/20 1/43 
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TABLE 11.3.6-6 
DUPLICATE AND ASSOCIATED REAL SAMPLES 

PHASE I DATA 

SMPL SMPL QC 
TYPE NUMBER CODE 

QCPARTNER QC LOCATION SMPL REMARKS 
CODE DATE 

BH 
BH 
BH 
BH 
BH 
BH 
ss 
ss 
ss 
ss 
VE 
VE 
VE 

BH40094AE 
BH40103AE 
BH40112AE 
BH40562AE 
BH40563AE 
BH40573AE 
SS40013AE 
SS400 16AE 
SS40069AE 
SS40412AE 
VE407 19AE 
VE40813AE 
VE40835AE 

DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 

BH4014 1 AE 
BH40483AE 
BH40439AE 
BH40385AE 
BH40525AE 
BH403 19AE 
SS40480AE 
SS40038AE 
SS40077AE 
SS40072AE 
VE40716AE 
VE40809AE 
VE408 19AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

~ 

42993 
42093 
42493 
46193 
43693 
43493 
42093 
SS402293 
41793 
40993 
43193 
41793 
44393 

20-Jan-93 
08-Jan-93 
23-Mar-93 
24-Mar-93 
25-Mar-93 
21-Apr-93 
08-Jan-93 
29-Dec-92 
09-Feb-93 
26-Feb-93 
27-Apr-93 
14-Jul-93 Real Data Not Avail. 
04-Aue-93 Real Data Not Avail 

I RADS I 
BH 
BH 
BH 
BH 
BH 
BH 

BH 
BH 
ss 
ss 
ss 
ss 

BH40094AE 
BH40103AE 
BH40112AE 
BH40562AE 
BH40563AE 
BH40573AE 
BH40823AE 
BH40825AE 
BH40830AE 
SS40016AE 
SS40069AE 
SS40412AE 
SS40146AE 

~ 

DUP BH40141AE 
DUP BH40483AE 
DUP BH40439AE 
DUP BH40385AE 
DUP BH40525AE 
DUP BH40319AE 
DUP BH40742AE 
DUP BH40748AE 
DUP BH40757AE 
DUP SS40038AE 
DUP SS40077AE 
DUP SS40072AE 
DUP SS40144AE 

~~ 

REAL 42993 
REAL 42093 
REAL 42493 
REAL 46193 
REAL 43693 
REAL 43493 
REAL 46793 
REAL 46893 
REAL 46993 
REAL SS402293 
REAL 41793 
REAL 40993 
REAL 46993 

20-Jan-93 
OX-Jan-93 
23-Mar-93 
24-Mar-93 
25-Mar-93 
21 -Apr-93 
10-NOV-93 
19-NOV-93 
22-NOV-93 
29-Dec-92 
09-Feb-93 
26-Feb-93 
22-NOV-93 

I VOLATILES I 
BH 
BH 
BH 
BH 
BH 
BH 
BH 
BH 
BH 
BH 

BH40027AE 
BH40095AE 
BH40098AE 
BH40 102AE 
BH40 107AE 
BH40 1 13AE 
BH40406AE 
BH40411AE 
BH40556AE 
BH40561AE 

DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 

BH40072AE 
BH40143AE 
BH40129AE 
BH40190AE 
BH40066AE 
BH40283AE 
BH40197AE 
BH40307AE 
BH40379AE 
BH40386AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

43893 
42993 
40593 
44893 
41993 
42493 
41293 
43 193 
45x93 
46193 

05-Feb-93 
20-Jan-93 
26-Jan-93 
14-Jan-93 
14-Jan-93 
23-Mar-93 
23-Feb-93 
12-Feb-93 
16-Mar-93 
24-Mar-93 

SEMI-VOLATILES 

BH BH40563AE DUP BH40525AE REAL 43693 25-Mar-93 Real Data Not Avail. 
BH BH40573AE DUP BH40319AE REAL 43493 21-Apr-93 
ss SS40013AE DUP SS40480AE REAL 42093 08-Jan-93 

29-Dec-92 ss SS400 16AE DUP SS40038AE REAL SS402293 
ss SS40069AE DUP SS40077AE REAL 41793 09-Feb-93 
ss SS40412AE DUP SS40072AE REAL 40993 2 6 - F e b - 9 3 

TABLE 11.3.6-6 (cont'd) 

11.3-32 1 



SMPL SMPL QC QCPARTNER QC LOCATION SMPL 
TYPE NUMBER CODE CODE DATE 

BH BH40563AE DUP BH40525AE REAL 43693 25-Mar-93 Real Data Not Avail. 
BH BH40573AE DUP BH40319AE REAL 43493 2 1 -Apr-93 
ss SS40013AE DUP SS40480AE REAL 42093 08-Jan-93 
ss SS4OO16AE DUP SS40038AE REAL SS402293 29-Dec-92 
ss SS40069AE DUP SS40077AE REAL 41793 09-Feb-93 
SS . SS40412AE DUP SS40072AE REAL 40993 26-Feb-93 

REMARKS 

BH 
BH 
BH 
BH 
BH 
BH 
BH 
ss 
ss 
ss 
ss 
ss 
VE 

BH40094AE 
BH40103AE 
BH40112AE 
BH40562AE 
BH40573AE 
BH40830AE 
BH40824AE 
SS40013AE 
SS40016AE 
SS40069AE 
SS40412AE 
SS40146AE 
VE40718AE 

VE40779AE 
VE40780AE 
VE40835AE 

DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 

DUP 
DUP 
DUP 

BH40141AE 
BH40483AE 
BH40439AE 
BH40385AE 
BH403 19AE 
BH40757AE 
BH40815AE 
SS40480AE 
SS40038AE 
SS40077AE 
SS40072AE 
SS40144AE 
VE407 1 OAE 

VE40773AE 
VE40774AE 
VE408 19AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 

42993 
42093 
42493 
46193 
43493 
46993 
47093 
42093 
SS402293 
41793 
40993 
46993 
43193 

43693 
42493 
44393 

20-Jan-93 
08-Jan-93 
23-Mar-93 
24-Mar-93 
21-Apr-93 
22-NOV-93 
19-NOV-93 
08-Jan-93 
29-Dec-92 
09-Feb-93 
26-Feb-93 

27-Apr-93 Real & Dup Data Not 
Avail. 

25-Jun-93 Real Data Not Avail. 
25-Jun-93 Real Data Not Avail. 
04-Aug-93 Real Data Not Avail. 

22-NOV-93 

, 
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circumstances is difficult because of the analytical limitations and therefore, may not reflect poor 
field precision. Of the samples compared, radionuclide and metal field duplicate pairs met the 
RPD field precision goals in 69.8 percent and 82.8 percent, respectively. If the CRQL criteria 
were used, field precision goals were met in 87.0 percent for the radionuclide pairs and 91.4 
percent for the metal pairs. 

Semivolatile organic compound field duplicate pairs met the field precision goals in 94.4 
percent of the samples compared. Review of the RPD calculations (Appendix Y) indicates that 
11 of the 29 failed RPD calculations are identified in one field duplicate pair 
(SS40038/SS40016). This amount of failed pairs associated with one sample may suggest either 
inhomogeneity of the material collected or poor collection practices at this one specific location. 

Initially, 12 duplicate soil pairs were collected for determination of volatile organic 
compound field precision goal (Table 11.3.6-7). The initial percentage of analytes achieving the 
field precision goals is 72.6 percent. Review of the RPD calculations (Appendix Y) indicates 
that the majority (68 of the 112) of the RPDs that exceed the precision goal are from two 
duplicate pairs (BH40197/BH40406 and BH40386/BH40561). These two pairs failed in all of 
the 34 chemical RPD tests. Removing these two failed duplicate pairs suggests that the overall 
field sampling methods were acceptable for collection of volatile organic compounds. Five 
acetone results and eight 2-butanone results were rejected by the data validators and therefore 
were not included in the statistical analysis of the precision criteria. For the toluene duplicate 
pairs, 5 of the 9 remaining pair results failed to meet the RPD precision goals. Removal of all 
of these RPD failed pairs results in 98.3 percent of the remaining volatile duplicate samples 
achieving precision goals (Table 11.3.6-7). 0 

The results of the field precision evaluation indicates that QA of field sampling was 
adequate except where noted and that variation in analytical results due to matrix interference 
should not be significant in the soils in the OU4 SEPs. 

Laboratory Precision 

Laboratory precision is evaluated through the use of laboratory duplicates for inorganic 
analyses and matrix spikes (MS) and matrix spike duplicates (MSD) for the organic analyses. 
Duplicate precision is calculated as an RPD; MS/MSD precision is assessed by calculating an 
RPD between the percent recoveries observed for the method-specific spiked compounds. As 
set forth in the Phase I RFI/RI Work Plan and the QAA, laboratory precision goals are 
mandated by the analytical method for each group and assessed for achievement during data 
validation. Data not meeting the precision goals set forth by the method are rejected. 

Accuracy 

The accuracy of the field data obtained is a function of the sampling technique, potential 
for sample contamination, and the analytical capabilities of the laboratory. Accuracy means the 
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nearness of a result (or the mean of a set of results) to the true value. Accuracy is assessed by 
analysis of reference samples of known concentrations, percent recoveries for spiked samples, 
and by review of blank data (field equipment rinseate, trip, or method blanks) which may have 
an effect on measurement accuracy. As set forth in the Phase I RFI/RI Work Plan, accuracy 
objectives for analytical data collected for the OU4 Phase I RFI/RI were evaluated according to 
the control limits specified in the reference analytical method and/or in the data validation 
guidelines. For the radionuclide analyses, the accuracy objectives are specified in the GRRASP. 
Specific criteria for accuracy are described in the QAA. 

Field Accuracy 

Field accuracy is assessed by comparing sample analyte concentrations to those present 
in associated field blanks. Only the equipment rinseate blanks were required by the QAA for 
the OU4 Phase I RI/RFI. The equipment rinseate blanks are used to monitor for sample cross 
contamination and the effectiveness of the decontamination process. The blanks are collected 
by rinsing decontaminated sampling equipment with laboratory-grade water, placing the liquid 
in the appropriate sample container, and preserving as is required. 

Table 11.3.6-5 presents the proposed and actual frequencies for equipment rinseate 
sampling. The field QC sample frequency goal is one in 20 or 5 percent. The total number of 
rinseate samples collected was 12, representing a ratio of approximately one in 43 or 2.3 
percent. The ratio of surficial soil samples (1/28) to rinseate samples is the closest to achieving 
the proposed frequency ratio. Rinseate to borehole field samples (1/43) and vadose zone water 
samples (1/64) exceeded the proposed goal of 1 in 20. 

Table 11.3.6-8 indicates that volatile organic compounds (acetone and methylene chloride) 
were detected in the rinseate blanks. As noted in the CLP SOW for organic analyses, these 
compounds are common laboratory solvents and are often inadvertently introduced into samples 
from the laboratory atmosphere. For these volatile compounds, the CRQL was exceeded twice 
in five analyzed rinseate samples. Other volatile compounds detected in the equipment rinseate 
samples include 1,1,2,2 tetrachloroethane (2 pg/L), 2-hexanone (5 pg/L), and 4-methyl-2- 
pentanone. These detections were below the CRQL. All of the volatiles have been detected in 
a number of soil samples (real) during the Phase I investigation (Appendix Y). A discussion of 
the utility of this data for evaluating the nature and extent of contamination is presented in 
Section 4.0, Nature and Extent of Contamination. 

. Table 11.3.6-9 presents the semivolatile organic compounds detected in the equipment 
rinseate blanks. The only compound detected above the laboratory’s CRQL (10 pg/L) was 
dimethyl phthalate (18 pg/L). As with the acetone and methylene chloride, dimethyl phthalate 
is a common laboratory contaminant. 
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The most common metals identified in the rinseate samples were iron and silicon (Table 
11.3.6-10). Iron was detected in three rinseate samples analyzed and was above the laboratory's 
CRQL. Silicon was detected and was above the CRQL in four samples. Calcium, lead, sodium, 
and zinc were detected above the CRQL in vadose zone equipment rinseate sample number 
VE40834AE. Mercury was above the CRQL in one surface soil sample while the amount of 
tin was below the CRQL in one borehole. The results of the equipment rinseate samples do not 
alter the conclusions drawn regarding the surface soil or borehole soil chemistry related to 
metals because of the numerous other supporting field samples and controlled QC samples. 

Nitratehitrite was detected at concentration above the CRQL in five of the six water 
quality equipment rinseate samples (Table 11.3.6-11). Sulfide was detected in two rinseate 
samples analyzed. Comparison of the concentrations of nitratehitrite identified in the soil and 
vadose zone waters with the rinseate sample results indicates that the levels present in the 
rinseates do not alter the conclusions drawn regarding the distribution of nitratehitrite at the site. 
The level of sulfide present in the vadose zone rinseate sample may suggest that sulfide 
concentrations detected in the vadose zone should be scrutinized. Pesticides and PCBs did not 
occur in the equipment rinseate blanks. 

As presented in Table 11.3.6-12, the majority of the concentrations of radiological 
compounds detected in the rinseate samples were below the CRQL. The rinseate sample 
SS40579 did contain americium-24 1, plutonium-239/240, and uranium-233-234 above the CRQL 
without accounting for the potential error introduced by the analytical method. Rinseate sample 
BH40826 collected near borehole 46893 contained americium-241 and gross beta above the 
CRQL. In addition, borehole rinseate sample BH40025AE contained a gross beta result above 
the CRQL. The concentrations identified in these equipment rinseate samples are below or very 
close to the CRQL and do not appear to have adversely affected the quality of the associated 
field samples. 

@ 

Due to the absence or low concentrations observed in the rinseate samples, the equipment 
blank data indicate that the sampling equipment was not a significant source contributing to the 
observed analyte concentrations in the soils and vadose zone in Phase I RFI/RI samples. 

Laboratory Accuracy 

Accuracy of the laboratory data is assessed through the calculation of the percent 
recoveries (%R) from MS samples for inorganic analytes, MS/MSD samples for organic 
analytes, and any in-house or blind certified standard that the laboratoq analyzes as part of the 
required QA/QC program. Acceptable accuracy for inorganic MS samples is routinely a 
recovery between 75 percent and 125 percent. The %R for the organic MS/MSD analyses is 
mandated by analytical methods for the specific spiked compounds. Acceptable accuracy of the 
in-house standards is a recovery between 80 percent and 120 percent. Use of method blanks 
analyses in the laboratory also assist in analytical accuracy. All these measurements are 
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evaluated during the method data validation process. When analytical accuracy goals are not @ achieved, data are rejected. 

Evaluation of the validation reason codes cited for data rejection as summarized in Tables 
11.3.6-4 indicates that the rejection of data can often be associated with accuracy problems. 
However, as discussed in the validation section, less than 2 percent of the validated data have 
been rejected, which suggests that accuracy is not a significant problem with the currently 
validated data set. 

Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent a characteristic(s) of a population, parameter variations at a sampling point, or an 
environmental condition. Representativeness is a qualitative parameter that is most concerned 
with proper network design, sampling locations, and sampling methods. 

Representativeness of the sources of contamination in OU4 subsurface soils, surface 
samples, and vadose zone fluids is supported by the extensiveness of the Phase I RFI/RI 
sampling effort in characterizing the investigation area. Representativeness is considered in 
project planning and is supported by the work plan, T M s ,  QAA, and associated operating 
procedures. The work plan and subsequent TMs were designed based on the results of the 
previous investigations and the DQOs identified. The sampling activities were designed and 
conducted to optimize the network of soil borings, piezometers, and vadose zone monitoring 
points to define the existing sources of contamination present in OU4. The plans and procedures 
are reviewed and approved by appropriate technical and agency representatives. As a result, the 
network and sampling design for the Phase I RFI/RI are assumed to be representative of site 
conditions. 

Comparability 

Comparability is used to express the confidence with which one set of data can be 
compared to another set. Comparability is promoted by using similar sampling and analytical 
methods and reporting data in uniform units. To achieve comparability for the Phase I data, all 
analyses and sampling techniques prescribed in the work plan and subsequent TMs are EPA- 
accepted or equivalent methods. The data are reported in uniform units for each method and 
media. Quantitation limits for the Phase I RFI/RI data may differ from the previous 
investigations, which is indicative of the differing analytical methods used during the previous 
investigations. A demonstration of the comparability of the data is the general consistency in 
the results between the various sample locations and different media analyzed. 

a 022/722437/18 .WPF 
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Completeness e 
The objective of completeness is that the investigation provides enough planned data such 

that the objectives of the project are met. Completeness for the Phase I RFI/RI is evaluated by 
comparing the planned number to the actual number of samples collected and analyzed. The 
analytical results should be validated and deemed valid or acceptable to be considered in an 
assessment of completeness. The overall completeness goal for the Phase I RFI/RI is 90 
percent. 

The difficulty in assessing the completeness of the Phase I RFI/RI investigation based on 
the above guidelines is that the initial planned numbers of samples were not specified due to the 
anticipated variation in the extent of the alluvial soil section and ability to obtain vadose zone 
water samples. Therefore, the approach to quantifying completeness is to present a summary 
of the planned sampling locations and the number of actual locations sampled. The work plan 
and subsequent TMs did specify the number of boreholes and vadose zone sampling points to 
be collected and the types of analyses to be performed at each sample location. Samples not 
collected or locations not installed were due to extenuating circumstances related to access, 
weather, and subsurface conditions encountered. Finally, completeness of the data set at the 
time of the preparation of this report is affected by the 13 percent of data not yet validated 
(Table 11.3.6-2). As indicated above, the invalidated data is still incorporated into the 
determination of the contaminant sources definitions, reducing the significance of this factor to 
the completeness determination. 

As shown on Table 11.3.6-13, the Phase I data set was to consist of 49 boreholes, six of 
which were to be deep boreholes; four nested piezometers; and 35 surficial soil samples. Based 
on the clarification presented in TM1 and TM2, the program was amended to include 43 total 
boreholes, which includes two deep boreholes and 16 boreholes converted to vadose zone 
monitoring points and geotechnical sampling locations; 78 surficial soil samples; and five 
shallow trenches. Based on a comparison with the actual work completed as presented in Table 
11.2-1, the Phase I data exceeded the completeness criteria of 90 percent. 

II.3.6.3 Historical Data Management and Quality 

The historical data that have been incorporated into this report supplement the Phase I 
data to ensure that contamination identified in previous investigations of OU4 is considered. As 
described in conjunction with the Phase I data, the historical data consist of both validated and 
invalidated data. Rejected data are presented but are not incorporated. The historical data 
available for incorporating into the Phase I data consist primarily of subsurface soil samples. 
No historical surficial samples, aqueous vadose zone samples, or trench samples were identified 
in the historical data base. All available borehole soil samples are used to demonstrate the 
validity and usability of the historical data. In defining the extent of contamination in the 
unsaturated zone, only the historical soil data from above the historical minimum ground water 
level were used. Additionally, historical data that were analyzed at the RFP (identified in the 
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T GRP CODE field with "RFME", %FRA", and 'XFVO"), particularly during the period of 
time from 1987 to early 1989, were determined to be of questionable utility unless flagged with 
a "V" in the validation field. 

@ ~ 

II.3.6.3.1 Historical Data Validation 

Portions of the historical analytical data were reviewed and validated independently of 
the laboratory or the sample collection contractor, and the results were documented in data 
validation reports. Similar functional guidelines to those applied to the Phase I data were used 
to validate the historical data. The purpose of validating the historical data was to be able to 
incorporate the information for evaluating nature and extent of the contamination identified by 
the Phase I data. For the purposes of this report, historical validated and acceptable data were 
considered of equal utility to the Phase I data. Rejected data were not used in any statistical 
computations or contaminant source evaluation. The reasons the historical data analyzed at the 
RFP were of questionable utility are that there was poor or no documentation of the analytical 
methods used, no documentation of laboratory QA procedures used, and no reporting 
guidelines. 

Table 11.3.6-14 summarizes the status of the historical data validation by media and 
analytical method. As of March 1994, 70 percent of the historical data have been validated. 
Invalidated data are also used in the analysis of contamination distribution. As with the Phase 
I data, use of the invalidated data should not reduce the quality of the conclusions drawn except 
for the previously mentioned analyses of questionable use. A total of 1.25 percent of the 
historical data validated has been rejected. 

Metals and radionuclides data obtained in 1987 and 1989 have been labeled "N" as not 
validated due to insufficient collection and analytical records. For the purposes of this report, 
these data are considered usable and are included in evaluating nature and extent of 
contamination. 

Listed in Table 11.3.6-15 are summaries of the validation code reasons identified in 
WEDS by the data validation contractor while analyzing the historical data. Table 11.3.6-16 
presents the reason codes which were identified for the rejection of data. The more common 
reasons identified for the rejection of data are related to documentation not being provided; key 
fields wrong; laboratory results not verifiable or not submitted; or LCS not submitted (codes 18, 
84, 51, 74). These rejection rationales may be due to previous laboratory SOPS which have 
been improved since the historical data were obtained. The other common reasons for rejection 
of data were that the MDAs were calculated by reviewer, or that the laboratory control samples 
exceeded +/- 3 sigma (codes 78 and 32). As with the Phase I data, the rejected data were 
removed from the data summary. The overall low percentage of historical data (< 2 percent) 
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TABLE 11.3.6-15 
SUMMARY OF VALIDATION CODES 

FOR HISTORICAL DATA 

Reason Times Description 
Code Referenced 

1 6 
2 4 
5 2 
7 5 
8 7 
9 31 
10 25 
11 10 
12 14 

Holding times were exceeded 
Holding times were grossly exceeded 
CRDL check sample recovery criteria were not met 
Analyte values > IDL were found in the blanks 
Negative bias was indicated in the blanks 
Interference indicated in the ICP Interf Chk Sample 
Lab Control Sample recovery criteria were not met 
Duplicate sample precision criteria were not met 
Predigestion matrix spike criteria weren't met (+/- 25%) 

14 3 Postdigestion matrix spike recovery criteria were not met 
17 5 Serial dilution criteria not met 
18 41 Documentation was not provided 
21 40 Reagent blanks exceeded MDA 
28 8 Duplicate analysis was not performed 

Replicate analysis was not performed 
Lab control samples >+/- 3 sigma 32 

36 21 MDA exceeded the RDL 
40 29 Organics initial calibration criteria weren't met 
41 37 Organics cont. calibration criteria weren't met 
49 2 Method blank contamination 
51 46 Nonverifiable lab results andor unsubmitted data 
52 1 Transcription error 
54 2 Incorrect reported activity or MDA 
56 6 IDL changed due to significant figure discrep. 
59 9 Blank activity exceeded RDL 
60 1 Blank recovery criteria were not met 
61 4 Replicate recovery criteria were not met 
70 3 Resolution criteria not met 
74 12 LCS data not submitted 
76 24 Instrument gain andor efficiency not submitted 
78 66 MDAs were calculated by reviewer 
84 60 Key fields wrong 
85 27 Record added by QLI 
99 44 See hardcopy for further explanation 
Total 613 

4 
14 

e 31 

11.3-341 



TABLE 11.3.6-16 
SUMMARY OF VALIDATION REASON CODES 

FOR REJECTED HISTORICAL DATA 

Reason Times Description 
Code Referenced 

8 1 
9 6 
28 2 
32 14 
36 9 
40 26 
41 37 
51 6 
54 2 
56 1 
78 5 
84 6 

Negative bias was indicated in the blanks 
Interference indicate in the ICP Interf Chk Sample 
Duplicate analysis was not performed 
Lab control samples >+/- 3 sigma 
MDA exceeded the RDL 
Organics initial calibration criteria weren't met 
Organics cont. calibration criterai weren't met 
Nonverifiable lab results and/or unsubmitted data 
Incorrect reported activity or MDA 
IDL changed due to significant figure discrep. 
MDAs were calculated by reviewer 
Key fields wrong 

85 8 Record added by QLI e 99 10 See hardcopy for further explanation 
Total 133 
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is similar to the Phase I data, indicating that the use of the unvalidated historical data should not 
compromise the validity of the resulting conclusions. 

e 
11.3.6.3.2 Assessment of Historical Data Usability 

The historical data usability is based on the PARCC parameters. Review of the available 
historical data indicates that duplicate samples are available to evaluate the field precision of 
data. Field rinseate or blanks are not available in the WEDS data base. Therefore the field 
accuracy of the historical data cannot be determined. The laboratory precision and accuracy are 
evaluated during the validation process. Historical data not meeting the laboratory precision or 
accuracy goals set forth by the methods are rejected. The representativeness and completeness 
of the historical data set are determined to be insufficient to characterize the contamination in 
the OU4 area. 

Field Precision of Historical Data 

The same procedure for determining the precision of the Phase I data was used for the 
historical data. All data available were included in this analysis. The field precision objective 
specified in the QAA is to obtain an RPD of 5 3 0  percent for water samples and 5 4 0  percent 
for homogeneous, nonaqueous samples (soil). For metals and radionuclides with failed RPDs 
and at concentrations near the quantitation limit, as defined in the GRRASP, precision may be 
expressed as acceptable when the analyte concentration difference between the sample and 
duplicate fall within the CRQL of each other. During the evaluation of the historical data, the 
CRQLs listed in Appendix B of the 1991 QAPjP were used to aid in determining precision. 

In conjunction with the precision objectives outlined in the QAA for Phase I, the number 
of duplicates samples required to demonstrate precision was one duplicate pair for every 10 
samples collected, or 10 percent of the field samples. A total of 412 real borehole soil samples 
and 25 associated duplicate soil samples are identified in the RFEDS data base. Based on these 
ratios, the overall field QC frequency for the historical data is 1 to 21 or 4.6 percent for the 
subsurface soil. A list of the historical duplicates and associated field samples (QC partners) is 
presented by method and analyte in Table 11.3.6-17. A summary table of the degree to which 
the field precision goals were met is provided in Table 11.3.6-18. Calculated RPDs are 
presented in Table 11. Y-2 in Appendix Y. 

Based on the available analytical results, RPDs were calculated for 40 analyte duplicate 
pairs with 996 RPDs calculated. Overall, a total of 82.9 percent of the field duplicate analyzed 
meet the field precision goals. 

Using the CRQL criteria as well as the calculated RPDs, a total of 80.9 percent of the 
metals duplicate field samples achieved the precision goals. The radionuclide data had similar 
results with 83.7 percent of the data evaluated meeting the precision goals. Overall, 88.9 
percent of the field duplicates met the precision goal. 
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Review of the radionuclides and the metal data indicates that only 60.5 percent and 72 
percent, respectively, of the historical data set passed the RPD precision test. Although, the 
metal data labeled RFME and the radionuclide data labeled RFRA in the T-GRP-CODE field 
cannot be validated due to the lack of proper collection and analytical records, these data were 
considered usable. 

Eleven historical duplicate soil pairs were analyzed for volatile organic field precision 
(Table 11.3.6-18). The percentage of analytes achieving the field precision goals was 96.2 
percent. Two semivolatile duplicate pairs with 132 RPDs were analyzed. With two semivolatile 
RPDs failing, the field precision goal was 98.5 percent. There were no water quality or 
pesticide/PCBs duplicate pairs available to determine the field precision. 

The results of the field precision evaluation indicates that QA of field sampling was 
adequate. Variation in analytical results due to matrix interference should not be significant in 
the historical data for subsurface soils in OU4. The lack of documentation may prevent the use 
of much of the metals and radionuclide data present in the historical data set. The data available 
for organics and water quality analytes are not sufficient to make a determination. 

II.3.6.3.3 Phase I and Historical Data Comparison 

Comparability is used to express the confidence with which one set of data can be 
compared to another set. Comparability is promoted by using similar sampling and analytical 
methods and by reporting data in uniform units. To achieve comparability of the historical data 
in comparison with the Phase I data, the analyses and sampling techniques used should be EPA- 
accepted or equivalent methods, and should be similar. 

The objective of this comparison -was to ensure that the analytes previously detected in 
the OU4 area were incorporated into the nature and extent evaluation. The presence of 
previously detected analytes in the historical data was verified by the presence of that analyte 
in the Phase I data. The validity of contaminants that were identified prior to the Phase I 
investigation but not detected in Phase I data, was evaluated on an individual basis. 

Comparison of the analytes presented in the historical data to those in the Phase I data 
indicates primary differences occur in the record-keeping of some of the data. The data in both 
sets were reported in consistent units and by consistent analytical methods (when that information 
was available). Both the Phase I and historical data sets have variable detection limits reported 
within the respective soils data sets. The detection limit ranges and distribution of detection 
limits were similar in both data sets, suggesting that varying detection limits were not factors 
to be considered in comparing the data. 

A review of Tables 11.3.6-2 and 11.3.6-14 provided an initial comparison of the Phase I 
and historical data sets for OU4. Using total analyte results in the RFEDS data base, the Phase 
I data set containing 36,724 records is comparable to the historical data set containing 20,151 
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records. The Phase I data set consisted of surficial and vadose zone soils as well as vadose zone 
pore water, while the historical data set contained only vadose zone soils data. 

The historical data contain fewer metal analyte records (6,994) than the Phase I vadose 
zone soil data (9,498). The historical data also contain fewer radionuclide analyte records 
(2,465) than the Phase I vadose zone soil (3,014) data. As mentioned above, the validity of the 
historical metals (RFME) and radionuclide (RFRA) data from W E D S  may be questionable. 
Therefore, the Phase I data set was given greater consideration in the evaluation of the nature 
and extent of contamination. 

The following differences were noted when the historical and the Phase I radionuclides 
were compared. The Phase I data contain only gross alpha and gross beta determinations, while 
the historical data were divided into gross alpha and beta, as well as dissolved, suspended, and 
particle activity alpha and beta units. Plutonium-238 is not identified in the histoiical data set, 
but is included in the Phase I data. 

Comparison of the historical volatile analyte list with the Phase I data indicates that the 
method lists are similar with additional analytes identified in the Phase I method. Trans-1,2- 
dichloroethene and 2-chloroethyl vinyl ether were not identified on the Phase I list, but are 
present on the historical method list. Based on the WEDS data base, no surficial soils were 
analyzed for volatile organic compounds during any historical or Phase I investigations. 

Comparison of the historical data analyte list for semivolatiles contains 4-hydroxy-4- 
methyl-2-pentanone, l-methyl-2-pyrrolidinone, benzo perylene, and hexachlorobenzene as 
additional analytes not present on the Phase I data method list. No pesticides or PCBs were 
present in the historical data base. In addition, no vadose zone aqueous samples were collected 
during the historical investigations. 

Based on these evaluations, it was concluded that the historical data and Phase I data 
were considered to be of comparable quality and that there is general consistency in the results 
between the various sample locations and different sample periods. The historical data were 
incorporated as appropriate into the nature and extent evaluation. 
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TABLE II.3.6-17 
DUPLICATE AND ASSOCIATED REAL SAMPLES 

HISTORICAL DATA 

II I) SAMPLE I SAMPLENUMBER I WDE I QCPARTNER I LOCATION SAMPLE I DATE TYPE 

BH I BH00008EB 

BH37870005D 

BH77403891014D 

P2183891216D 

SEP04890006D 

BH SEP06890306D 
I 

BH SEP1789BR0003 

BH SEP1889BR1218D 

BH SEP1989BR1622D 

BH SEP2189BR2026D 

BH SEP2689BR04 1 OD 

BH SP0487004D 

SP1087017D 

SP13876DUP I/ SP1587008D 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

DUP 

BH00006EB I 40191 I 18-SEP-91 II 
BH37870005 3787 16-JUL-87 

BH77403891014 P213289 29-AUG-89 

P2183891216 €218389 08-NOV-89 

SEP04890006 P207689 05-MAY-89 

SEP06890306 €207889 01 -MAY49 

SEP 1789BRW2 €908989 ' 12-MAY-89 

SEP1889BR1218 €909089 17-MAY -89 

SEP 1989BR 1622 P209189 25-MAY-89 

SEP2189BR2026 P209389 07-JUN-89 

SEP2689BR0410 P209889 11-MAY-89 

SPO487 30-OCT-87 SP048704DH 

SP108717DH SP1087 10-NOV-87 

SP138706DH SP1387 06-NOV-87 

SPl58708DH SP1587 12-NOV-87 

I I I I 1 1 

I I I I 1 II 25-MAY-89 BH SEP 1989BR1622D DUP SEP1989BR1622 I P209189 

I I I I 1 
I SEP2 189BR2026D I DUP I SEP2189BR2026 I P209389 I 07-JUN-89 II BH 

SP1087017D 

SP13876DUP r 
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BH 

BH 

VOLATILES 

BHOOOO8EB DUP BH00006EB 40191 18-SEP-91 

BH37870005D DUP BH37870005 3787 16-JUL-87 

BH37870005D 

BH774038912 14D 

P2 18389141 6D DUP 

BH37870005 

BH77403891214 

P2183891416 

BH P2 19 1890406D DUP 
I I 

3787 16-JUL-87 

P213289 29-AUG-89 

P218389 09-NOV-89 

BH SEP04890002D DUP 

BH SEP06890002D DUP 

BH SEPl889BR0002D DUP 

BH SEPl989BR0002D DUP 

BH SEP2 189BR2224D DUP 

BH SEP2289BR1214 DUP 

BH SEP2689BR0002D DUP 

P219189O406 

SEP04890002 

SEP06890002 

SEP1889BR0002 

BH SP0487004D DUP 

P219189 30-NOV-89 

P207689 05-MAY-89 

P207889 01-MAY-89 

P209089 17-MAY-89 

SEP1989BR0002 

SEP2189BR2224 

SEP2289BR12 13 

SEP2689BR0002 

SP048704DH 

P209189 25-MAY-89 

€209389 07-JUN-89 

P209489 16-MAY-89 

P209889 11-MAY-89 

SPO487 30-OCT-87 
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II.4 NATURE AND EXTENT OF CONTAMINATION e 
To evaluate the impact of OU4 SEPs waste management operations on the surface and 

vadose zone (subsurface) environments, an evaluation of the nature and extent of the of the 
(PCOCs) was conducted. In conjunction with this evaluation, the probable extent (or propagation 
from the source) of the contarnination was analyzed in three-dimensions with consideration to 
horizontal and vertical transport in surficial and vadose zone soils. These correlated analyses 
and evaluations considered specific criteria including: 

. Data aualitv and useabilitv -- Both Phase I and historical analytical data from 
previous investigations were evaluated on an empirical basis to determine the 
adequacy of the data for use in assessing the nature and extent of contamination. 

0 Methodolom for data evaluation -- Parameters and procedures to qualify data 
were established, including the consideration of background geochemical and 
radiological data, comparisons of recent and historical data, and development of 
potential contaminant lists. 

0 Chemical/phvsical nature of contaminants -- Based on the comparative analysis 
of historical and recent data, categories of chemical compounds were evaluated 
as PCOCs, including inorganic metals, semivolatile and volatile organics, 
radionuclides, and other soil quality parameters (nitrate, cyanide, 
pesticides/PCBs). Representative contaminants were selected from these 
categories based upon their presence above background 95% UCL levels or 
detection limits. 

These criteria were incorporated in summarizing the nature and extent of contamination to assess 
the likelihood that the SEPs have been a contaminant source. The summary evaluations 
considered variables such as background or pre-existing levels of chemical constituent in the 
various geologic media, alternate sources (other than the SEPs) of contamination, postulated 
release mechanisms from the SEPs, identification of inconsistent data and analytical results, 
sampling errors, and contamination of samples by laboratory analyses. Through this process, 
the contaminants most likely to have originated from the SEPs were identified. 

The following sections discuss the data quality and useability (Section II.4.1), the 
methodology used to develop a representative list of contaminants (Section 11.4.2), background 
geochemical and radiological comparisons (Section 11.4.3), the three-dimensional spatial * 
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distribution of surficial and vadose zone contamination for each analyte group (Section 11.4.4 and 
11.4.5), and a synopsis of the data presented (Section 11.4.5). 0 
11.4.1 Data Quality and Useability 

As discussed in Section 11.3.6, Quality Assurance/Quality Control Results, the surficial 
soil and vadose zone data collected during the OU4 Phase I RFI/RI have been examined for 
useability and are considered to be adequate for evaluating the nature and extent of 
contamination. 

Tentatively identified compounds and historical data with a qualifier of "U" or validation 
result "R" (see Section 11.3.6) were rejected for the purpose of evaluating nature and extent of 
contamination. There is little documentation of laboratory analytical procedures and QAlQC 
protocol for historical chemical analyses. The historical analyses conducted from 1986 through 
early 1989 were not carried out in accordance with EPA/QAMS - 005/80. Despite this fact, if 
the historical data did not conflict or contradict Phase I data, historical data was used in the 
evaluation of nature and extent of contamination to the fullest extent possible. 

Because no background data are available, the presence of organic compounds above the 
detection limit is assumed to be indicative of organic compound contamination. Tables 11.2-1 
and 1I.Z-2 in Appendix 1I.Z list the organic compounds detected above the 95% UCL or 
detection limit for surficial and borehole soils, respectively. The 95 % UCL was developed from 
the RFP background soil geochemical data. The detection limit may be the contract-required 
quantification limit (CRQL), the instrument detection limit (IDL), or the method detection limit 
(MDL). Uncertainties regarding which detection limit is being applied necessitated the exclusive 
use of data above this limit for purposes of evaluating the nature and extent of organic compound 
contamination. 

Furthermore, environmental samples are sensitive to subsequent organic compound 
Contamination (more so than in the case of metals and radionuclides) through routine sampling 
and analytical procedures. Rinseate and blank sample results allow identification of suspect 
contaminants, however, rinseate and blank results are not available for every sample. Use of 
organic compound results below the detection limit, or those results whose validity could be 
challenged, results in a shotgun-type dispersion of sample location postings and does little to 
clarify the extent of contamination. However, for completeness, all Phase I organic compound 
results, including those below the detection limit are presented and discussed in Sections 11.3.1, * 11.2.2, and 11.3.4. 
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II.4.2 Methodology for Data Evaluation e 
Historical and Phase I investigations have generated volumes of analytical data metals, 

radionuclides, inorganic and organic compounds. All of the usable data, as described in Section 
11.3.6, Quality Assurance/Quality Control Results, have been assessed to determine which 
analytes are probable contaminants at OU4. The result of this data evaluation is a statistically 
sound and representative identification of potential contaminants of concern at OU4. This 
statistical assessment compared analyte concentrations from historical and Phase I samples to 
background analyte levels naturally present in alluvial and bedrock materials. Elevated analyte 
concentrations were also compared to the historical SEP liquid and sludge analyses to determine 
if the presence of these materials is related to previous SEP operations. 

For a complete evaluation of unsaturated materials, the vadose zone appraised for nature 
and extent includes all portions of the subsurface that are unsaturated for any period of time, or 
all soil, alluvium, and bedrock above the historical low ground water level. This includes the 
uppermost portion of the UHSU that lies between the historical low and high ground water level 
that is seasonally saturated. This variably saturated zone averages between one and three feet 
in thickness across the OU4 pediment, but thickens along the slope north of the SEPs and east 
of Pond 207-B South. The maximum thickness of the zone of water table fluctuation east of 
Pond 207-B south, 8.05 feet, was recorded at well P209789, the maximum thickness north of 
the SEPs, 9.03 feet, was recorded adjacent to North Walnut Creek at well B208789. This 
unsaturated evaluation is necessary to identify the spatial distribution of vadose contaminants. 

@ 

The sampling strategy established in the work plan called for six-foot composite samples 
in boreholes located outside of the SEPs and two foot composite samples from boreholes located 
beneath the SEPs. The sample intervals precluded attempts to positively correlate the presence 
or absence of contamination with specific geologic media. Specifically, a six-foot composite 
sample often included more than one alluvial lithofacies (Section 11.3.5) or included vadose and 
saturated materials. Therefore, the contaminant distribution discussions in Sections 11.4.4 and 
11.4.5 do not relate contaminant occurrence to geologic or hydrogeologic'features, but focus on 
the lateral and vertical extent of contaminants. 
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II.4.3 Background Comparison e 
Phase I RFI/RI and historical data were compared to available background data to 

evaluate the nature and extent of the contamination of OU4. The Phase I RFI/RI surfkial soil 
data for inorganic compounds and radionuclides were compared to data from the Rock Creek 
surficial soil background study. The subsurface soil Phase I RFI/RI and historical data were 
compared to background data for .the Rocky Flats Alluvium that were identified in the 
Background Geochemical Characterization Report (EG&G, 1993). Data from these background 
studies have been recognized by the EPA and CDH as acceptable for statistical comparisons to 
non-background (Le., operable unit) data. 

To evaluate the nature and extent of inorganic metals, nitratehitrite and radionuclide 
contamination in surficial soils and the vadose zone, a background 95% UCL value for each 
analyte was calculated. The 95% UCL value was used to separate the OU4 analytical data set 
into naturally-occurring constituents and probable contaminants. Analytical results for a sample 
above the 95 % UCL indicated that "sample was collected from a probable contaminated area or 
hot spot. The method used to determine the UCL depended upon the sample population 
distribution (Le., normal, log normal, or non-parametric distribution), a complete discussion on 
the 95% UCL calculation is found in Appendix 1II.A. e 

Tables 11.4.4-1 and 11.4.5-1 list the potential contaminants of concern for surficial and 
vadose soils respectively, for the OU4 Phase 1 RFI/RI and their associated background 95% 
UCL values. A summary of the analytical results for surficial and vadose zone samples above 
95% UCL is presented in Appendix lI.Z. 

11.4.4 Nature and Extent of Surficial Soil Contamination 

Laboratory analytical results for surficial soils that were determined to be usable from 
the Phase I investigation provided the basis for evaluating the nature and extent of surficial soil 
contamination within OU4. There are no historical surficial soil analytical results for OU4. The 
principal contaminants mapped at OU4 were selected from the PCOC list. Some of the PCOCs 
appeared to be naturally-occurring soil constituents, such as silicon, were not mapped. Potential 
sources of the PCOCs are also suggested in the following summaries based on the observed 
distributions. 

022/722437/19, WPF 
11.4-4 

OU4 Draft Proposed IWIRA Decision Documeat 
May 21, 1994 



TABLE II.4.4-1 
SURFICIAL SOIL PCOCs 

Surficial Soil 

Americium-24 1 @Ci/g) 
Cesium-134 (pCi/g) 
Gross alpha @Ci/g) 
Plutonium-239,240 @Ci/g) 
Tritium @Ci/L) 
Uranium-233,234 @Ci/g) 
Uranium-235 @Ci/g) 
Uranium-238 @Ci/g) 

Beryllium (mg/kg) 
Cadmium (mg/kg) 
Calcium (mg/kg) 
Mercury (mg/kg) 
Ni trate/Ni trite( mg/ kg) 
Silicon (mg/kg) 
Silver (mg/kg) 
Sodium (mg/kg) 

Benzo(a)anthracene (ug/kg) 
Benzo(a)pyrene (ug/kg) 
Benzo(b) fluoran thene (ug/ kg) 
Benzo(ghi)perylene (ug/kg) 
Benzo( k) fluoran t hene (ug/ kg) 
Bis(2-ethylhexy1)phthalate (ug/kg) 
Chrysene (ug/kg) 
Di-n-butyl phthalate (ug/kg) 
Fluoranthene (ug/kg) 
Indeno( 1,2,3-~d)pyrene (ug/kg) 
Phenanthrene (ug/kg) 
Pyrene (ug/kg) 
Aroclor-1254 (ug/kg) 

e 022/722437/11 .WPF 

Background 
95% UCL 

0.027 
ND 

22.9 
0.062 
ND 
1.22 
0.09 
1.27 

0.92 
0.64 

8282.95 
0.03 
1.11 

202.7 
0.58 

165.4 
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TABLE II.4.5.1 
VADOSE ZONE PCOCs 

Vadose Zone Soil 

Americium-24 1 (pCi/g) 
Cesium- 134 (pCi/g) 
Cesium- 137 @Ci/g) 
Gross beta @Ci/g) 
Plutonium-239,240 @Ci/g) 
Radium-226 @Ci/g) 
Strontium-89,90 (pCi/g) 
Tritium @Ci/L) 
Uranium-233,234 @Ci/g) 
Uranium-235 @Ci/g) 
Uranium-238 (pCi/g) 

Barium (mg/kg) 
Cadmium (mg/kg) 
Calcium (mg/kg) 
Lithium (mg/kg) 
Manganese(mg/kg) 
Ni trate/Ni tri te (mg/kg) 
Potassium (mg/kg) 
Sodium (mg/kg) 
Sulfide (mg/kg) 
Zinc (mg/kg) 

2-butanone (ug/kg) 
Acetone (ug/kg) 
Bis(2-ethylhexy1)phthalate (ug/kg) 
Chloroform (ug/kg) 
Di-n-butyl phthalate (ug/kg) 
Methylene chloride (ug/kg) 
Toluene (ug/kg) 
Cyanide (mg/ kg) 

e 022i722437lll .WPF 
11.4-6 

Background 
95% UCL 

0.01 
ND 

0.166 
27.99 

0.02 
0.65 
0.54 

212.2 
0.53 
0.1 

0.63 

93.87 
2.3 

7781.79 
83.2 

190.5 
7.1 

1562.86 
2720 

43000 
23.64 

OU4 Draft Proposed IhUIRA Decision Document 
May 27, 1994 



Mapping the contaminant concentration data set identified potentially contaminated areas 
or hot spots. Figure 11.2-12 shows the surficial soil sample number and locations. Figures 
11.4.4-1 through 11.4.4-28 show the distribution of inorganic metals, organic compounds, 
radionuclides, and nitratehitrite and pesticides/PCBs, PCOC analytes in surficial soils at OU4. 

@ 

II.4.4.1 Metals 

The PCOC metallic contaminants are beryllium, cadmium, calcium, mercury, silver, and 
sodium. These metals were detected above the background 95% UCL levels in OU4 surficial 
soils and are considered to represent potential contaminants. 

Beryllium 

Beryllium was detected in eleven surficial soil samples above the background 95% UCL 
of 0.92 mg/kg. The surficial distribution of beryllium is restricted primarily to the soils on the 
north, northeast, east, southeast, and southwest berms of SEP 207-A. The highest concentration 
of 9.6 mg/kg, was reported from the northeastern berm or SEP 207-A at sampling location 
SS402893. The surficial soils on the eastern berm of SEP 207-B north also contain elevated 
levels of beryllium. The locations and analytical results of surficial soil samples and postulated 
adjacent areas containing elevated levels of beryllium are shown on Figure 11.4.4-1. @ 

Based on the distribution of the beryllium around SEPs 207-A and 207-B North, the 
source of beryllium contamination is likely to have been from SEP liquids which were 
transported as aerosol dispersion during periods of high wind or during pond overflow. 
Historical analyses of SEP 207-A sludges and liquids indicate the presence of beryllium at 
concentrations in excess of 1,000 ppm (1,000 mg/kg). 

Cadmium 

Cadmium was detected in concentrations above the background 95 % UCL value of 0.64 
mg/kg in 37 surficial soil samples at concentrations ranging from 1.3 to 382 mg/kg. The highest 
concentration was detected at location SS403093 north of the berm between SEPs 207-A and 
207-B North. This location corresponds with the outfall of a drainage tile installed between SEP 
207-A and the 207-B SEPs. Elevated surficial cadmium concentrations were also detected along 
the southwestern berm of SEP 207-A at location SS402793 (356 mg/kg), and on the northeastern 
berm of SEP 207-A at location SS402893 (194 mg/kg). The majority of elevated concentration 
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locations were on berm areas immediately adjacent to the SEPs. Locations for low concentration 
values included the "bone yard," an area historically used for storage of discarded materials and 
equipment east of the 207-B ponds (borehole/location 41893 and 43293), and areas north of the 
SEPs or near seep areas. The locations and analytical results of surficial soil samples and 
postulated adjacent areas containing elevated levels of cadmium are shown on Figure 11.4.4-2. 

The cadmium levels observed in the surficial soil samples may have been derived from 
aerosol dispersion of SEP liquids or overtopping of the SEPs, which has been documented. 
Surficial soil analytical data is consistent with the levels of cadmium detected in the SEP liquids 
and sludges. 

Calcium 

Calcium was detected in concentrations above the background 95% UCL value of 
8,282.95 mg/kg in 40 surficial soil samples. The highest concentration, 248,000 mg/kg, was 
detected at location SS403093 north of the berm between SEPs 207-A and 207-B North. This 
location corresponds with the outfall of a drainage tile installed between SEPs 207-A and the 
207-B SEPs. Elevated levels of calcium were also present along the berm between SEPs 207-B 
center and 207-B south, an area southeast of SEP 207-B south that includes the sludge drying 
staging area, and the southeastern berms of SEP 207-B south. The locations and analytical 
results of surficial soil samples and postulated adjacent areas containing elevated levels of 
calcium are shown on Figure 11.4.4-3. 

a 

The calcium levels observed in the surficial soil samples may have been derived from 
aerosol dispersion of SEP liquids, the effluent from the drainage tile installed between SEPs 207- 
A and 207-B, spills or leaks associated with sludge drying staging area, SEP overtopping, or 
from SEP liquids which leaked into the subsurface and re-emerged at seep areas north of the 
SEPs. 

Mercury 

Mercury was detected in concentrations above the background 95% UCL value of 0.03 
mg/kg in 20 surficial soil samples. The highest detected concentrations were located on the 
southwestern berm of SEP 207-A at location SS402793 (1.8 mg/kg), and at the drainage tile 
outfall at location SS403093 (1.7 mg/kg). Elevated levels of mercury were also present dong 
the northern and eastern berms of SEP 207-A, the eastern berm of Pond 207-B center, and in 
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the bone yard. The locations and analytical results of surficial soil samples and postulated 
adjacent areas containing elevated levels of mercury are shown on Figure 11.4.4-4. rl) 

The mercury levels observed in the surficial soil samples may have been derived from 
aerosol dispersion of SEP liquids, the effluent from the drainage tile installed between SEPs 207- 
A and 207-B, SEP overtopping, or from SEP liquids which leaked into the subsurface and re- 
emerged at seep areas north of the SEPs. 

Silver 

Silver was detected in four surficial soil samples above the background 95% UCL value 
of 0.58 mg/kg. The surficial distribution of silver is restricted to the soils on the northeast, east, 
and southwest berms of SEP 207-A, and the northern berm of Pond 207-C. The highest 
concentration of 3.6 mg/kg, was reported from the northern berm of SEP 207-C at 
borehole/location 40993. The locations and analytical results of surficial soil samples and 
postulated adjacent areas containing elevated levels of silver are shown on Figure 11.4.4-5. 

Based on the distribution of the silver around SEPs 207-A and 207-C, the source of silver 
contamination is likely to have been from aerosol dispersion, as discussed in the case of 
beryllium. 

0 
Sodium 

Sodium was detected in concentrations above the background 95% UCL value of 165.4 
mg/kg in 12 surficial soil samples. The highest concentration, 2440 mg/kg, was detected at 
location SS403193 north of the outfall of a drainage tile installed between SEPs 207-A and the 
207-B SEPs. Elevated levels of calcium were also present in the seep area northwest of SEP 
207-A, areas northeast and southeast of SEP 207-C that includes the industrial area around 
building 790. The locations and analytical results of surficial soil samples and postulated 
adjacent areas containing elevated levels of sodium are shown on Figure 11.4.4-6. 

The sodium levels observed in the surficial soil samples may have been derived from the 
effluent from the drainage tile installed between SEPs 207-A and 207-B, spills or leaks around 
207-C, SEP overlapping, or from SEP liquids which leaked into the subsurface and re-emerged 
at  see^ areas north of the SEPs 207-C and 207-A. 

022fl22431i 19 .WPF 
11.4-12 

OU4 Draft Proposed IWIRA Decision Document 
May 27, 1994 



0 NOTICE: 

The following page has been misnumbered 
when originally printed. Page number 11.4- 16 
should be numbered 11.4-17. No pages are 
missing from this document. 

The Adminstrative Record Staff 



II.4.4.2 Organic Compounds 

Semivolatile organic compounds (SVOCs) were found in surficial soil samples collected 
during the OU4 Phase I RFI/RI. The PCOC semivolatile organic contaminants are 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(ghi)perylene, 
benzo(k)fluoranthene, chrysene, fluoranthene, phenanthrene, pyrene, indeno( 1,2,3-~d)pyrene, 
bis(2-ethylhexyl)phthalate, and di-n-butyl phthlate. These SVOCs were detected above the 
detection limit in OU4 surficial soils. 

The detected surficial organic analytes are primarily fused polycyclic aromatic 
hydrocarbons. Other minor surficial organic analytes detected are plasticizers (phthalates). 
Appendix 1I.Z presents the organic analytes which were detected. Table 11.2-1 lists the samples 
containing organic compounds above the detection limit. In general, none of these organic 
compounds were sourced from the OU4 waste stream, but may represent asphalt particles, diesel 
fuel spill, or other similar sources. 

Benzo(aa)an thracene 

Benzo(a)anthracene was found at six locations exceeding the detection limit. These 
locations include the industrial area west of OU4 near building 774 (four detects), the southwest 
berm of Pond 207-A (one detect), and east of OU4 in the bone yard at borehole/location 43293 
(one detect). The locations and analytical results of surficial soil samples and postulated adjacent 
areas containing elevated levels of benzo(a)anthracene are shown on Figure 11.4.4-7. This 
analyte is a fused polycyclic aromatic hydrocarbon that is associated with asphalt and other 
operations involving coal tar pitch volatiles. 

Benzo(a)pyrene was found at eight locations exceeding the detection limit. These 
locations include the industrial area west of o'U4 near building 774 (four detects), the seep area 
north of Pond 207-A (two detects), the southwest berm of Pond 207-A (one detect), and east of 
OU4 in the bone yard at boreholeAocation 43293 (one detect). The locations and analytical 
results of surficial soil samples and postulated adjacent areas containing elevated levels of 
benzo(a)pyrene are shown on Figure 11.4.4-8. This analyte is a fused polycyclic aromatic 
hydrocarbon that is associated with asphalt and other operations involving coal tar pitch volatiles. 
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BenzolbMuoranthene e 
Benzo(b)fluoranthene was found within eight areas (13 locations total) exceeding the 

detection limit. These areas include the industrial area west of OU4 near building 774 and on 
the west berm of Pond 207-C (five detects), the north berm of SEP 207-C (one detect), the seep 
area north of Pond 207-A (five detects), the southwest berm of Pond 207-A (one detect), and 
east of OU4 in the bone yard at borehole/location 43293 (one detect). The locations and 
analytical results of surficial soil samples and postulated adjacent areas containing elevated levels 
of benzo(b)fluoranthene are shown on Figure 11.4.4-9. This analyte is a fused polycyclic 
aromatic hydrocarbon that is associated with asphalt and other operations involving coal tar pitch 
volatiles . 

Benzo(ghi)Derv lene 

Benzo(ghi)perylene was found at four locations exceeding the detection limit. These 
locations include the industrial area west of OU4 near building 774 (three detects) and east of 

OU4 in the bone yard at borehole/location 43293 (one detect). The locations and analytical 
results of surficial soil samples and postulated adjacent areas containing elevated levels of 
benzo(ghi)perylene are shown on Figure 11.4.4-10. This analyte is a fused polycyclic aromatic 
hydrocarbon that is associated with asphalt and other operations involving coal tar pitch volatiles. 

@ 

Benzo (k) fluor an t hene 

Benzo(k)fluoranthene was found within eight areas (12 locations total) exceeding the 
detection limit. These areas include the industrial area west of OU4 near building 774 (four 
detects), the west berm of SEP 207-C (one detect), the north berm of SEP 207-C (one detect), 
the seep area northwest of Pond 207-A (five detects), and east of OU4 in the bone yard at 
borehole/location 43293 (one detect). The locations and analytical results of surficial soil 
samples and postulated adjacent areas containing elevated levels of benzo(k)fluoranthene are 
shown on Figure 11.4.4-11. This analyte is a fused polycyclic aromatic hydrocarbon that is 
associated with asphalt and other operations involving coal tar pitch volatiles. 

C h ry sene 

Chrysene was found within eight areas (eight locations total) exceeding the detection 
limit. These areas include the industrial area west of OU4 near building 774 (four detects), the 
seep area north of Pond 207-A (two detects), the southwest berm of Pond 207-A (one detect), @ 
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and east of OU4 in the bone yard at borehole/location 43293 (one detect). The locations and 
analytical results of surficial soil samples and postulated adjacent areas containing elevated levels 
of chrysene are shown on Figure II.4.4-12. This analyte is a fused polycyclic aromatic 
hydrocarbon that is associated with asphalt and other operations involving coal tar pitch volatiles. 

0 

Fluoran thene 

Fluoranthene was found within nine areas (13 locations total) exceeding the detection 
limit. These areas include the industrial area west of OU4 near building 774 and the west berm 
of Pond 207-C (five detects), the north berm of Pond 207-C (one detect), the seep area north 
of Pond 207-A (five detects), the southwest berm of Pond 207-A (one detect), and east of OU4 
in the bone yard at borehole/location 43293 (one detect). The locations and analytical results 
of surficial soil samples and postulated adjacent areas containing elevated levels of fluoranthene 
are shown on Figure II.4.4-13. This analyte is a fused polycyclic aromatic hydrocarbon that is 
associated with asphalt and other operations involving coal tar pitch volatiles. 

Phenanthrene 

Phenanthrene was found within eight areas (1 1 locations total) exceeding the detection 
limit. These areas include the industrial area west of OU4 near building 774 (four detects), the 
north berm of Pond 207-C (one detect), the seep area north of Pond 207-A (four detects), the 
southwest berm of Pond 207-A (one detect), and east of OU4 in the bone yard at 
borehole/location 43293 (one detect). The locations and analytical results of sufficial soil 
samples and postulated adjacent areas containing elevated levels of phenanthrene are shown on 
Figure II.4.4-14. This analyte is a fused polycyclic aromatic hydrocarbon that is associated with 
explosives, asphalt and other operations involving coal tar pitch volatiles. 

Pyrene 

Pyrene was found within nine areas (14 locations total) exceeding the detection limit. 
These areas include the industrial area west of OU4 near building 774 and the west berm of 
Pond 207-C (five detects), the north berm of Pond 207-C (one detect), the northwest berm and 
seep area north of Pond 207-A (six detects), the southwest berm of Pond 207-A (one detect), 
and east of OU4 in the bone yard at borehole/location 43293 (one detect). The locations and 
analytical results of surfkial soil samples and postulated adjacent areas containing elevated levels 
of pyrene are shown on Figure 11.4.4-15. This analyte is a fused polycyclic aromatic 
hydrocarbon that is associated with asphalt and other operations involving coal tar pitch volatiles. 0 
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Indeno(l.2.3-cd)pvrene 0 
Indeno(l,2,3-cd)pyrene was found at four locations exceeding the detection limit. These 

locations include the industrial area west of OU4 near building 774 (three detects) and east of 
OU4 in the bone yard at borehole/location 43293 (one detect). The locations and analytical 
.results of surficial soil samples and postulated adjacent areas containing elevated levels of 
indeno(l,2,3-cd)pyrene are shown on Figure 11.4.4-16. This analyte is a fused polycyclic 
aromatic hydrocarbon that is associated with asphalt and other operations involving coal tar pitch 
volatiles . 

Bis(2-ethvlhexv1)Dhthalate 

Bis(24hylhexyl)phthalate was found within seven areas (1 1 locations total) exceeding 
the detection limit. These areas do not coincide with areas where polycyclic aromatic 
hydrocarbons were detected. The areas where this analyte was detected include the southern 
berm of Pond 207-A and near building 967 (two detects), the seep area north Pond 207-B North 
(two detects), the eastern berm of Pond 207-B center and northern and southern portions of the 
bone yard east of OU4 (five detects), and areas outside of the PA on the hillside descending to 
North Walnut Creek (two detects). The locations and analytical results of surficial soil samples 
and postulated adjacent areas containing elevated levels of bis(2-ethylhexy1)phthalate are shown 
on Figure 11.4.4-17. This analyte is a plasticizer and is used in vacuum pumps. 

Di-n-butyl phthalate 

Di-n-butyl phthalate was found within two areas (four locations total) exceeding the 
detection limit. These areas do not coincide with areas where polycyclic aromatic hydrocarbons 
were detected. The areas where this analyte was detected include the southern berm of Pond 
207-A and near Building 967 (three detects), and an isolated area in the southern portion of the 
bone yard east of OU4 (one detect). The locations and analytical results of surficial soil Samples 
and postulated adjacent areas containing elevated levels of di-n-butyl phthalate are shown on 
Figure II.4.4-18. This analyte is a plasticizer and among other things is used in insect repellent. 

The distribution patterns of polycyclic aromatic hydrocarbons in surficial soils are shown 
in Figures II.4.4-7 through II.4.4-16. The highest concentrations of these compounds were 
consistently at location SS400993 west of SEP 207-C in the industrial area and at 
boreholdlocation 43293 in the bone yard east of the 207-B SEPs. These compounds are 
common constituents of cooling and lubricating oils, diesel fuel, and asphalt. These compounds * 
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also are products that result from incomplete combustion of fuels, which results in atmospheric 
transport and deposition. 

The phthaltes do not appear to be contaminants at OU4, but may result for field or 
laboratory contamination. Phthalates are common components in various plastics; potential 
sources include the inner latex gloves used by field sampling crews' and laboratory personnel, 
and the plastic containers used for transport and storage of deionized water. 

II.4.4.3 Radionuclides 

Radionuclides were found in surficial soil samples collected during the OU4 Phase I 
RFVRI. The PCOC radionuclide contaminants are americium-241, cesium-134, gross alpha 
ionizing radiation sources, plutonium-239/240, tritium, uranium-233/234, uranium 235, and 
uranium 238. These radionuclides were detected above the background 95% UCL in OU4 
surficial soil samples and have been deemed to exist in statistically significant quantities. 

The detected radionuclides are by-products of nuclear weapons manufacturing, their 
decay products, and naturally occurring isotopes. The tables in Appendix II.2 present the 
samples with radionuclide analytes that were above the background 95% UCL limit. @ 
Americium-24 1 

Americium-241 was detected above the background level of 0.027 pCi/g in 71 surfkid 
soil samples. The highest concentrations of 220 pCi/g (location SS402793), 130 pCi/g (location 
SS402893), 110 pCi/g (borehole 43793), and 92 pCi/g (Location SS400593) were detected on 
the southwest, northeast and eastern berms of SEP 207-A. The levels of americium-241 in the 
other surficial soils around the SEPs ranged from 0.5 to 27 pCi/g with the majority of the 
reported values below 10 pCi/g. The americium-241 concentrations reported in surficial soil 
samples downgradient, or north of the SEPs in the buffer zone, ranged from 0.25 to 0.02 pCi/g. 
Other notable measured activities occurred in samples from north of Building 713 at sample 
location SS400993 (20.18 pCi/g), southeast of SEP 207-B South at location SS401993 (7.04 
pc/g), and in the bone yard at borehole/location 43293 (4.40 pCi/g). The locations and 
analytical results of surficial soil samples containing elevated levels of americium-241 are shown 
on Figure II.4.4-19. 

Aerosol dispersion of radionuclides from SEP liquids is a likely source for americium-241 a detected in surficial soil samples. Americium-241 also appeared to be concentrated at the 
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drainage tile outfall north of the SEPs. Elevated results from samples located north of the SEPs 
is also a likely result of SEP fluid leakage into the subsurface and emergence at seeps. 0 

The americium-241 present in the surficial soils west of the SEPs in the industrial area 
near Building 730, south of Building 774, and east of the SEP area in the bone yard, do not 
appear to be related to postulated releases from the SEPs. 

Plutonium-239/240 was detected above the background level of 0.062 pCi/g in 52 
suficial soil samples from OU4. The highest activity level detected was from location 
SS402793 (56 pCi/g) on the southwestern berm of SEP 207-A. Elevated activity concentrations 
also were detected at location SS403093 (19 pCi/g) near the drainage tile outfall north of the 
SEPs, along the eastern berm of SEP 207-A at borehole 43793 (17 pCi/g), and west of the SEPs 
in the industrial area at locations SS400993 (10.05 pCi/g) and SS402193 (9.22 pCi/g). Surficial 
soil samples collected north and down slope of the SEPs in the buffer zone displayed plutonium 
concentrations ranging from 0.013 to 0.44 pCi/g. The locations and analytical results of 
surficial soil samples containing elevated levels of plutonium-239/240 are shown on Figure 0 II.4.4.20. 

The distribution of plutonium-239/240 is similar to americium-241 except that there 
appear to be higher concentrations of plutonium north of SEP 207-C at locations 40993 (7.2 
pCi/g), SS402393 (5.33 pCi/g), and 45793 (4.90 pCi/g). Samples from locations on the SEP 
berms commonly displayed elevated levels of americium and plutonium. 

Elevated levels of plutonium-239/240 were found to be confined primarily to the surficid 
soils in the vicinity of the SEPs. The source of contamination was determined to be aerosol 
dispersion of radionuclide-contaminated SEP liquids. Americium and plutonium also appeared 
to be concentrated at the drainage tile outfall north of the SEPs. Elevated results from samples 
located north of the SEPs is a likely result of SEP fluid leakage into the subsurface and 
emergence at seeps. 

The plutonium-239/240 in the surficial soils west of the SEPs in the industrial area near 
Building 730, south of Building 774, and east of the SEP area in the bone yard, do not appear 
to be related to postulated releases from the SEPs. 
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Uranium-233 and 234 e 
Concentrations of uranium-233/234 (U233/234) exceeded the background 95 % UCL of 

1.22 pCi/g in 46 surficial soil samples. The U233/234 concentrations ranged from a minimum 
of 1.24 pCi/g to a maximum of 41 pCi/g, only two of the 46 samples exceeded 8 pCi/g. These 
two samples included location SS403093 (41 pCi/g), near the outfall area of the SEP drainage 
tile, and location SS400594 (14 pCi/g), on the eastern berm of SEP 207-A. The locations and 
analytical results of surficial soil samples containing elevated levels of U233/234 are shown on 
Figure II.4.4-21. 

Elevated levels of U233/234 were found to be confined primarily to the surficial soils in 
the vicinity of the SEPs. The source of contamination was determined to be aerosol dispersion 
of radionuclide-contaminated SEP liquids. U233/234 also appeared to be concentrated at the 
drainage tile outfall north of the SEPs. Elevated results from samples located north of the SEPs 
is a likely result of SEP fluid leakage into the subsurface and emergence at seeps. 

The U233/234 in the surficial soils west of the SEPs in the industrial area near Building 
730, south of Building 774, and east of the SEP area in the bone yard, do not appear to be 
related to postulated releases from the SEPs. 0 
Uranium-235 

Uranium-235 (U235) was detected in 24 surficial samples above the background 95% 
UCL of 0.090 pCi/g. The concentrations of uranium-235 in surficial soils ranged from 0.092 
to 2.3 pCi/g, with the maximum detection at location SS403093, near the outfall area of SEP 
drainage tile. Only one sample (SS403093, 2.3 pCi/g) out of the 24 detections, exceeded 0.75 
pCi/g. The locations and analytical results of surficial soil samples containing elevated levels 
of U235 are shown on Figure 11.4.4-22. 

The locations and relative concentrations of U235 detections are similar to the distribution 
observed for U233/234. Elevated levels of U235 were found to be confined primarily to the 
surficial soils in the vicinity of the SEPs. The source of contamination was determined to be 
aerosol dispersion of radionuclide-contaminated SEP liquids. U235 also appeared to be 
concentrated at the drainage tile outfall north of the SEPs. Elevated results from samples located 
north of the SEPs is a likely result of SEP fluid leakage into the subsurface and emergence at 
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The U235 in the surficial soils west of the SEPs in the industrial area near Building 730, 
south of Building 774, and east of the SEP area in the bone yard, do not appear to be related 
to postulated releases from the SEPs. 

Uranium-238 

Uranium-238 (U238) was detected in 32 surficial soil samples above the background 95 % 
UCL of 1.27 pCi/g. The concentrations of U238 ranged from 1.27 to 27 pCi/g, with the 
highest concentration detected at location SS403093, near the SEP drainage tile outfall. Only one 
sample (SS403093, 27 pCi/g) out of the 32 detections, exceeded 8.5 pCi/g. The locations and 
analytical results of surficial soil samples containing elevated levels of U238 are’ shown on 
Figure 11.4.4-23. 

The locations and relative concentrations of U238 detections are similar to the distribution 
observed for U233/234 and U235. Elevated levels of U238 were found to be confined primarily 
to the surficial soils in the vicinity of the SEPs. The source of contamination was determined 
to be aerosol dispersion of radionuclide-contaminated SEP liquids. U238 also appeared to be 
concentrated at the drainage tile outfall north of the SEPs. Elevated results from samples located 
north of the SEPs is a likely result of SEP fluid leakage into the subsurface and emergence at 
seeps. 

The U238 in the surficial soils west of the SEPs in the industrial area near Building 730, 
south of Building 774, and east of the SEP area in the bone yard, do not appear to be related 
to postulated releases from the SEPs. 

Gross A b h a  

Gross alpha ionizing radiation was detected above the background 95% UCL of 22.9 
pCi/g in 34 surficial soil samples from OU4. Only six of the samples with elevated results 
exceeded 50 pCi/g. The highest activity level detected was from location SS402793 (440 pCi/g) 
on the southwestern berm of SEP 207-A. The second highest result was detected at 
borehole/location 43793 (260 pCi/g) on the eastern berm of SEP 207-A. Elevated activity 
concentrations were also detected at location SS403093 (250 pCi/g) near the drainage tile outfall 
north of the SEPs. The locations and analytical results of surficial soil samples containing 
elevated gross alpha levels are shown on Figure 11.4.4-24. 
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The gross alpha distribution is similar to that of americium, plutonium, and the uranium 
isotopes. Samples collected from the southwestern, eastern, and northeastern berms of SEP 207- 
A often displayed elevated levels of americium, plutonium, and uranium isotopes. Gross alpha 
radiation was found to be confined primarily to the surficial soils in the vicinity of the SEPs. 
The source of contamination was determined to be aerosol dispersion of radionuclide- 
contaminated SEP liquids. Elevated gross alpha values also appeared at the drainage tile outfall 
north of the SEPs. 

@ 

Gross alpha radiation in surficial soils west of the SEPs in the industrial area near 
Building 730, south of Building 774, and east of the SEP area in the bone yard do not appear 
to be related to postulated releases from the SEPs. 

Tritium 

The highly mobile water quality parameter tritium was reported in concentrations above 
the detection limit in 47 surficial soil samples. Sample results ranged from 250 to 227,000 
pCi/L. Five of the 47 samples had sample results above 1,OOO pCi/L. Concentrations of 
227,000 pCi/L @orehole/location 44893), 118,000 pCi/L (borehole/location 40193), and 20,100 
pCi/L (location SS400993) were detected in samples taken downslope of the SEPs in the buffer 
zone. Inside the PA two samples, borehole/location 45693 (1,300 pCi/L) in the seep area 
northwest of SEP 207-A, and location SS403093 (1,600 pCi/L) near the drainage tile outfall 
north of the SEPs, exceeded 1,OOO pCi/L. The locations and analytical results of surficial soil 
samples containing elevated levels of tritium are shown on Figure 11.4.4-25. 

e 

Slightly elevated concentrations of tritium were found around the SEPs, the industrial 
area west of OU4, and in the bone yard. The greatest tritium concentrations were detected in 
samples collected to the north, or downslope of the SEPs in seep areas. Elevated results from 
samples collected north of the SEPs are likely from historic SEP fluid leakage into the 
subsurface and emergence at seeps. Tritium also appeared to be concentrated at the drainage 
tile outfall north of the SEPs. 

Cesium-I34 

Cesium-134 was not detected above the detection limit in surficial soil samples from 
OU4. However, surficial soil samples from 12 locations did have a result associated with them. 
The maximum results were: .0.0333 pCi/g, detected in a sample from location SS400993 in the 
industrial area west of OU4; 0.0218 pCi/g, detected in a sample from location SS402093 in the 0 
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buffer zone east of the SEPs; and 0.012 pCi/g, detected in a sample from boreholellocation 
41293 northeast of SEP 207-B North. All other samples were at least a magnitude less, and as 
previously noted, all were below the detection limit. The locations and analytical results of 
surficial soil samples containing elevated levels of cesium-134 are shown in Figure II.4.4-26. 

II.4.4.4 Soil Quality Parameters in Surfkial Soils 

Water quality parameters were found in surficial soil samples collected during the OU4 
Phase I RFI/RI. The PCOC detected are nitratelnitrite and the PCB Aroclor 1254. These 
PCOCs were detected above the background 95% UCL limit in OU4 surficial soils and have 
been deemed to exist in statistically significant quantities. Appendix II.2 presents the PCOC 
analytes which were detected. The tables in Appendix II.2 list the samples containing PCOC 
analytes above the background 95% UCL limit. 

Nitrate/Nitrite 

Nitrate/nitrite contamination above the background 95 % UCL limit of 1.1 1 mg/kg was 
reported in 80 surficial soil samples. The higher concentrations, ranging from 250 to 765 
mg/kg, were detected in samples of soils from the seep areas north of the SEPs inside the PA, 
and the outfall area of the drainage tile installed between SEP 207-A and the 207-B SEPs. The 
majority of the berms around the SEPs also displayed elevated levels of nitrate/nitrite 
contamination. Sample results were also significantly elevated southeast of SEP 207-B South ' 
where concentrations reached 83.3 mg/kg. Other outlying areas, such as the industrial area west 
of OU4, northern and southern portions of the bone yard, and seep areas on the slope north of 
the SEPs outside of the PA contained nitrate at levels generally less than 10 mg/kg. The 
locations and analytical results of surficial soil samples and postulated adjacent areas containing 
elevated levels of nitrate are shown on Figure 11.4.4-27. 

0 

The elevated nitrate levels observed in the surficial soil samples may have been derived 
from aerosol dispersion of SEP liquids, the effluent from the drainage tile installed between 
SEPs 207-A and 207-B, spills or leaks associated with the sludge drying staging area, or from 
SEP liquids which leaked into the subsurface and re-emerged at seep areas north of the SEPS. 

Pesticides/PCBs 

The PCB Aroclor 1254 was found above the detection limit in six surficial soil samples. 0 Only two of the six aroclor-1254 OCCUKMI in OU4. The highest concentration detected was 

OW DraR Proposcd IMlIRA Dccisi i  Documcat 
11.4-44 M y  27.1994 



a 11,900 pg/kg at location SS401793, north of Building 774 in the industrial area west of OU4. 
Aroclor 1254 was also detected on the southern berm of SEP 207-A, on the eastern berm of SEP 
207-B Center, and east of OU4 in the bone yard at boreholedlocations 41893 and 43293. The 
locations and analytical results of suficial soil samples and postulated adjacent areas containing 
elevated levels of Aroclor 1254 are shown on Figure 11.4.4-28. The areal distribution of 
Aroclor 1254 in the surfkial soils was limited, and no possible source of Aroclor has been 
identified. Only two of the six aroclor-.l254 occurred in OU4. 

II.4.5 Nature and Extent of Vadose Zone Contamination 

Laboratory analytical results for vadose zone soils that were determined to be usable from 
the Phase I investigation and the historical data set provided the basis for evaluating the nature 
and extent of 'vadose zone soil contamination within OU4. Development of the PCOC list from 
the usable Phase I data and background 95% UCL comparisons reduced detected vadose zone 
analytes to the principal contaminants present at OU4. Potential sources of the PCOCs are also 
identified in the following summaries based on the observed distributions. 

Appendix II.2 contains a complete listing of all vadose zone analytes that occurred at 
concentrations greater than background levels for inorganic metals, radionuclides, and water 
quality parameters and above the detection limit for organics. Table 11.4.5-1 contains a complete 
listing of PCOCs and respective UCL limits. 

a 
Figures 11.4.5-1 through 11.4.5-19 show the horizontal and stratigraphic distribution of 

inorganic metal, organic, radionuclide, and water quality analytes at levels above the background 
95% UCL in OU4. These maps display results from 2- and 6-foot composite borehole samples 
that include: mixed intraformational lithologies, vadose and saturated materials, and 
unconsolidated and bedrock materials. 

Manganese and sulfide, although present on the PCOC list, are not mapped because they 
are naturally occurring primary constituents of vadose zone materials. Lithium, although present 
on the PCOC list, was not mapped because it was not found at levels exceeding the background 
95% UCL. Chloroform, di-n-butyl phthalate, and 2-butanone, although present on the PCOC 
list, are also not mapped because they were not detected in any Phase I samples. 
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II.4.5.1 Metals 

The metallic PCOC contaminants are barium, cadmium, calcium, potassium, sodium, and 
zinc. These metals were detected above the background 95% UCL levels in vadose zone soils, 
including the shallow vadose zone soils collected directly beneath the SEPs. 

Barium 

Barium detections above the background 95 % UCL of 93.87 mg/kg occurred in 31 Phase 
I boreholes at various depths. The concentration distribution of barium in the vadose zone is 
primarily restricted to areas subjacent, adjacent, and north of the SEPs. The highest 
concentration of barium in the Phase I data set was 4,150 mg/kg (borehole 43693, located in the 
southern portion of SEP 207-A) at a depth of 10 to 13 feet in vadose zone silty claystone 
bedrock. The only other sample with a result exceeding 300 mg/kg was collected from borehole 
46193 (located north of the SEP drainage tile outfall) at a depth of 0 to 6 feet (364 mg/kg). 

Drill core from boreholes located in the buffer zone, downgradient of the SEPs, 
consistently displayed elevated levels of barium throughout the thickness of the vadose zone. 
The highest buffer zone detection, 236 mg/kg, was recorded from the core of borehole 40193 
at a depth of 12 to 18 feet, which is in either landslide/colluvium or artificial fill material of the 
vadose zone. 

0 

The highest barium concentration reported in the historical data set is 11,600 mg/kg and 
was detected in borehole P208889, located northeast of SEP 207-B North, at a depth of 3.5 to 
9.5 feet. Other notable vadose zone detections of barium from the historical data set include 
1 , 1 0 0  mg/kg (borehole P208989, located west of the SEP drainage tile outfall), 390 mg/kg 
(borehole 3787, located on the eastern berm of SEP 207-B South), and 413 mg/kg (borehole 
3987, located northeast of SEP 207-B North). All other detections in the historical data set are 
below 300 mg/kg. 

The distribution of barium is displayed on Figures II.4.5-1. This figure schematically 
shows that barium concentrations generally increase with depth. Barium concentrations are 
greatest beneath the SEPs, particularly 207-A, and north of the SEPs in the buffer zone. 
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Cadmium e 
Cadmium was detected at COncentrations above the background 95% UCL of 2.3 mg/kg 

in 16 Phase I boreholes at various depths. The concentrations ranged from 2.5 to 547 mg/kg, 
with all but three of the samples measured at concentrations below 65 mg/kg. The highest 
cadmium concentrations were observed beneath SEP 207-A in borehole 42493 at the 0 to 2 foot 
(360 mg/kg) and the 2- to 4-foot (550 mg/kg) intervals, and beneath SEP 207-B North in 
borehole 46693 at the 0.5-to 2.25-foot (135 mg/kg) interval. In the three boreholes drilled in 
SEP 207-B North, the cadmium levels decreased with depth. 

With the exception of two locations east of the SEPs and outside of OU4, cadmium in 
vadose zone soils occurred beneath or in the immediate vicinity of the SEPs. Elevated cadmium 
concentrations also occurred at the outfall of the drainage tile between SEP 207-A and the 207-B 
SEPs. All historical detections were less than 101 mg/kg. 

The distribution of cadmium is displayed on Figure 11.4.5-2. This figure schematically 
shows that cadmium concentrations generally decrease with depth. Cadmium concentrations are 
greatest beneath the SEPs, particularly SEP 207-A. This is consistent with historical liquid and 
sludge analyses from the SEPs, particularly SEP 207-A, which contained the highest 
concentrations in comparison to the other SEPs. The elevated cadmium concentrations beneath 
the SEP liners typically decreased with depth. This suggests that leakage through liner breaches 
has occurred. 

a 

Calcium 

Calcium detections above the background 95% UCL of 7,781.79 mg/kg occurred in 38 
Phase I boreholes at various depths. The concentration of calcium in the vadose zone is 
primarily restricted to areas subjacent and adjacent to the SEPs, in particular SEP 207-B North 
and Center, and 207-A. The highest concentration of calcium in the Phase I data set was 
328,000 mg/kg (borehole 46793, located in the east-central portion of SEP 207-B North) at a 
depth of 6.5 to 8.5 feet in vadose zone claystone bedrock. Other samples with calcium results 
of this magnitude were collected from vadose zone Rocky Flats Alluvium beneath SEPs 207-A 
and 207-B Center. 

The highest calcium concentration reported in the historical data set is 21,700 mg/kg and 
was detected in borehole 5687 at a depth of 2 to 3.5 feet. 
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The distribution of calcium is displayed on Figure 11.4.5-3. This figure schematically 
shows that calcium is mobil or widespread beneath the SEPs and that concentrations do not 
generally increase with depth. Calcium concentrations are greatest beneath the SEPs, 
partkularly 207-B North and Center. 

Potassium 

Potassium detections above the background 95 % UCL of 1,562.86 mg/kg occurred in 
35 Phase I boreholes at various depths. The concentration distribution of potassium in the 
vadose zone is primarily restricted to areas subjacent and adjacent to the SEPs, with particularly 
high concentrations immediately beneath SEP 207-A and 207-B North. The highest 
concentration of potassium in the Phase I data set was 21,100 mg/kg (borehole 46693, located 
in the north-central portion of SEP 207-B North) at a depth of 0.5 to 2.25 feet in vadose zone 
Rocky Flats Alluvium. Other vadose zone samples with potassium results of this magnitude 
were collected from other boreholes (46793) in 207-B North, and in northern portions of SEP 
207-A (4 1593). 

The highest potassium concentration reported in the historical data set is 4,620 mg/kg and 

0 was detected in borehole P210189 (southern berm of SEP 207-C) at a depth of 3 to 9 feet. 

The distribution of potassium is displayed on Figure 11.4.5-4. This figure schematically 
shows that potassium is rather stationary and is found in greater concentrations proximal to the 
SEPs. Potassium concentrations are greatest beneath the SEPs, particularly 207-B North and 
207-A. 

Sodium 

Sodium detections above the background 95% UCL of 2,720 mg/kg occurred in nine 
Phase I boreholes at various depths. The concentration distribution of sodium in the vadose zone 
is restricted to areas subjacent to the SEPs, and beneath the northern berm of SEP 207-C. The 
highest concentration of sodium in the Phase I data set was 10,200 mg/kg (borehole 46693, 
located in the north-central portion of SEP 207-B North) at a depth of 0.5 to 2.25 feet in vadose 
zone Rocky Flats Alluvium. Other vadose zone samples with elevated sodium results were 
collected from boreholes in 207-B North and Center, and SEP 207-A. 

Only two samples were reported as having slightly elevated sodium concentrations in the * historical data set; both were collected proximal to the SEPs. 
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The distribution of sodium is displayed on Figure 11.4.5-5. This figure schematically shows that 
like potassium, sodium is rather stationary and is found in greater concentrations proximal to 
the SEPs. 

@ 

Zinc detections above the background 95% UCL of 23.64 mg/kg occurred in 37 Phase 
I boreholes at various depths. The concentration distribution of zinc in the vadose zone is in 
shallow areas adjacent to the SEPs, deeper portions of the vadose zone, and subjacent saturated 
zone. The highest concentration of zinc in the Phase I data set was 168 mg/kg (borehole 44193, 
located in the southern portion of the bone yard) at a depth of 0 to 5 feet in vadose zone Rocky 
Flats Alluvium. The other samples with results exceeding 100 mg/kg were collected from the 
saturated zone beneath SEP 207-A (borehole 42193, 110 mg/kg at 28.3 to 31.3 feet), 
downgradient (north) of the SEPs in the buffer zone (borehole 40593, 115 mg/kg at 12 to 18 
feet), or in the southern portion of the bone yard (borehole 44193, 130 and 160 mg/kg at 35.4 
to 41.6 and 47.6 to 50.2 feet, respectively). However, the background 95% UCL for zinc in 
saturated bedrock may be significantly different than the vadose zone UCLs to which the data 
is compared here. e 

I 

The highest zinc concentration reported in the historical data set is 487 mg/kg and was 
detected in borehole P209689, located north of borehole 44193 in the bone yard, at a depth of 
12.2 to 18.2 feet. 

Drill core from boreholes located north or downgradient of the SEPs consistently 
displayed elevated levels of zinc throughout the thickness of the vadose zone. The distribution 
of zinc within OU4 is displayed on Figure 11.4.5-6. This figure schematically shows that zinc 
concentrations generally increase with depth. 

II.4.5.2 Organic Compounds 

Semivolatile and volatile organic compounds (SVOCs and VOCs) were found in vadose 
zone soil samples collected during the OU4 Phase I RFI/RI. The PCOC organic contaminants 
are acetone, bis(2-ethylhexyl)phthaIate, methylene chloride, and toluene. These organic 
compounds were detected above the detection limit in OU4 vadose zone materials and have been 
deemed to exist in statistically significant quantities. Chloroform, di-n-butyl phthalate, and 2- 
butanone, although present on the PCOC list, are not mapped because they were not detected 
in any Phase I samples. 0 
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The detected organic analytes are primarily solvents and plasticizers (phthalates). 
Appendix II.2 presents the organic analytes which were detected. The tables in Appendix II.Z 
list the samples containing organic analytes above the detection limit. 

@ 

Acetone 

Acetone was detected at concentrations above the detection limit in 19 Phase I boreholes 
at various depths. The concentrations of acetone ranged from 11 to 140 pglkg in the Phase I 
data set, with the maximum result from borehole 42593 in the east-central portion of SEP 207- 
A. The maximum detection in the historical data set, 2,700 pg/kg, was collected from borehole 
€910189, located on the southern berm of SEP 207-C. 

. The relatively low detected concentrations; 
0 the ubiquitous Occurrence and absence of concentration gradients; 

the observations that more than 50 percent of the sample analyses yielded results 

the sporadic nature of the distribution of samples with positive contaminant 

that acetone was detected in equipment rinseate samples (Table II.3.6-8) and was 

acetone compound is a common laboratory contaminant. 

0 

. that were below the reported detection limit; 

identification; 

Occasionally reported in laboratory blanks; and 

0 

0 

0 

The detection of acetone in samples may be the result of laboratory-intrdud 
contamination. This is suggested by the following observations: 

The distribution of acetone is displayed on Figure 11.4.5-7. This figure shows that 
acetone is mobil or widespread beneath the SEPs, and that concentrations do not genedy 
increase with depth. Acetone concentrations are greatest beneath the SEPs, particularly 2 0 7 - 4  
207-B North and 207-B Center. 

Methvlene Chloride 

Methylene chloride was detected at concentrations above the detection limit in 39 Phase 
I boreholes at various depths. The concentrations of methylene chloride ranged from 5 to 71 
pglkg in the Phase I data set, with the maximum result from borehole 45893 north of SEP 207-C 
at a depth of 5 to 5.25 feet. The maximum detection in the historical data set, 630 pg/kg from a 
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a depth of 20.6 to 22.6 feet, was collected from borehole P210189, located on the southern berm a of SEP 207-C. 

8 the relatively low detected concentrations; 
the ubiquitous occurrence and absence of concentration gradients; 
the sporadic nature of the distribution of samples with positive contaminant 

methylene chloride was detected in equipment rinseate samples and was 

methylene chloride is a known laboratory contaminant. 

8 

0 

identification ; 

occasionally reported in laboratory blanks; and 

8 

8 

The detection of methylene chloride in samples may be the result of laboratory-introduced 
contamination. This is suggested by the following: 

The distribution of methylene chloride is displayed on Figure 11.4.5-8. This figure 
schematically shows that methylene chloride is mobil or widespread beneath the SEPs and that 
concentrations do not generally increase with depth. Methylene chloride detections do not seem 
to be concentrated beneath the SEPs. a 
Bis(2-ethvlhexy1)Dhthalate 

Bis(2-ethylhexy1)phthalate was detected in one borehole above the detection limit in both 
the Phase I and historical data sets. The result of 5,300 pg/kg was reported for a sample 
collected from 41.6 to 47.6 feet in borehole 44193 located in the southern portion of the bone 
yard (Phase I data set), and the result of 830 pg/kg was reported for a sample collected from 
2 to 3.5 feet in borehole SP0387 located on the southwestern berm of SEP 207-A (historical data 
set). 

8 The relatively low number of sample detections; 
the ubiquitous occurrence and absence of concentration gradients; 
the sporadic nature of the distribution of samples with positive contaminant 

the fact that this compound is a known secondary contaminant. 

8 

8 

identification; and 
8 

The detection of bis(2-ethylhexy1)phthalate in samples may be the result of secondary 
contamination. This is suggested by the following: e 
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Toluene a 
Toluene was detected at concentrations above the detection limit in 48 Phase I boreholes 

at various depths. The concentrations of toluene ranged from 7 to 1,200 pg/kg in the Phase I 
data set, with the maximum result from borehole 40793, located northwest of SEP 207-A. The 
only other reported result of this magnitude in the Phase I data set was 1,100 pg/kg, which was 
collected from borehole 40893, located north of SEP 207-B North. With the exception of two 
sample results, 780 pg/kg detected in core from 44393, and 670 pglkg detected in core from 
borehole 44793, all other Phase I data for toluene was below 450 pglkg. Out of 10 detections 
in the historical data set, only one, 6 pg/kg, was above the detection limit. 

0 The ubiquitous occurrence and concentration gradients outside of the SEPs (north 

the sporadic nature of the distribution of samples with positive contaminant 
. of the SEPs in the seep areas inside the PA); 

* 

identification (Le, south of the SEPs at borehole 44393, and northeast of the SEPs 
in the buffer zone at borehole 44793); and 

0 the fact that this compound is a known laboratory contaminant. 

Toluene detections in samples may not be solely sourced from to SEP wastes. It may 
have resulted from historical releases of toluene-contaminated SEP fluids or may be the result 
of laboratory-introduced contamination. 

Analysis of the vertical and horizontal distribution of toluene in the subsurface did not 
reveal definitive patterns, since there were numerous samples that yielded concentrations above 
the detection limit in the buffer zone north of the SEPs, as well as near the SEPs. However, 
the highest incidences of toluene contamination were often located near the seep areas north of 
the SEPs. Detections of toluene in the seep areas might be related to the low levels of toluene 
detected in ground water by other previous investigations. 

The distribution of toluene is displayed on Figure 11.4.5-9. This figure schematically 
shows that the distribution of toluene is widespread, that the elevated concentrations are not 
restricted to vadose zone soils beneath the SEPs, and that concentrations do not generally 
increase with depth. 
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0 II.4.5.3 Radionuclides 

Radionuclides were found in vadose zone soil samples collected during the OU4 Phase 
I RFI/RI. The PCOC radionuclide contaminants are americium-24 1 ,  plutonium-239/240, 
uranium-233/234, uranium-235, uranium-238, gross beta ionizing radiation sources, radium-226, 
strontium-89/90, cesium-134, cesium-137, and tritium. These radionuclides were detected above 
the background 95% UCL in OU4 vadose zone soil samples and have been deemed to exist in 
statistically significant quantities. 

The detected radionuclides are byproducts of nuclear weapons manufacturing, their decay 
products, and naturally occurring isotopes. The tables in Appendix 11.2 present the vadose zone 
sample results with radionuclide analytes that were above the background 95% UCL limit. 

Americium-241 

Americium-24 1 was detected at concentrations above the vadose zone background level 
of 0.01 pCi/g in 29 Phase I boreholes at various depths, primarily from locations around the 
SEPs. Americium activity concentrations ranged from 0.0101 to 44.68 pCi/g in the Phase I data 
set, with only 14 samples having values greater than 1 pCi/g. The maximum activity level was 
reported from borehole 46693 in a sample collected from immediately below the SEP liner from 
0.33 to 0.5 feet. This borehole is located in the north-central portion of SEP 207-B North. The 
greatest result from vadose zone soils deeper than 0.5 feet below the surface was from borehole 
43793 at a depth of 0.5 to 6 feet (6.1 pCi/g). The vadose zone activity concentrations were 
significantly lower than those observed in samples from the surficial soils. All the sample 
results in the historical data set were less than 1 pCi/g. 

0 

The americium-241 levels measured in borehole core samples indicated a trend of 
decreasing activity concentration as a function of depth. Americium-241 was not detected at 
levels above background values in the deep borehole bedrock samples where data are available. 
The distribution of americium-241 is displayed on Figure 11.4.5-10. This figure schematically 
shows that americium concentrations are restricted to areas under and adjacent to the SEPS, and 
that concentration levels generally decrease with depth. Americium concentrations are greatest 
immediately beneath the SEPs, particularly 207-B North. 
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Plutonium-2391240 e 
Plutonium-239/240 was detected at concentrations above the background 95% UCL of 

0.02 pCi/g in 28 Phase I boreholes at various depths, primarily from locations around the SEPs. 
The highest concentration was reported in borehole 43593 drill core (25 pCi/g) near Building 
780B at a depth of 1 to 6 feet. The highest result from beneath the SEPs was 19.78 pCi/g, 
collected from borehole 46593 (0.583 to 0.667 feet) located in the west-central portion of SEP 
207-B North. Other elevated levels of this magnitude were reported in samples taken from other 
boreholes within SEP 207-B North and 207-A. Only seven samples (out of 39) in the Phase I 
data set taken from below 1 foot exceeded 1 pCi/g. 

Only five of the 71 sample results in the historical data set exceeded 1 pCi/g (the 
maximum was reported as 2.5 pCi/g) and these five samples were located both proximal to the 
surface and to the SEPs. 

The plutonium-239/240 concentrations detected in vadose zone samples immediately 
beneath the SEP liners rapidly decreased to non-detectable levels as a function of depth. 
Plutonium-239/240 contamination was not detected above the background 95% UCL in any of 

@ the deep bedrock samples. 

Elevated levels of plutonium-239/240 were found to be confined primarily to the near 
surface soils in the vicinity of the SEPs. This finding was supported by the low levels of 
contamination observed in the vadose zone soils and the decreasing activity concentrations 
observed in the boreholes located within the SEPs. The elevated concentrations detected at 
borehole 41593, 46593, and 46793, located in the northwestern comer of SEP 207-A and 
northeastern sections of SEP 207-B North, respectively, were considered to be indicative of a 
possible breach in the liner. 

The distribution of plutonium-239/240 is displayed on Figure 11.4.5-1 1. This figure 
schematically shows plutonium concentrations are restricted to areas under and adjacent to the 
SEPs, and that concentration levels generally decrease with depth. Plutonium concentrations are 
greatest immediately beneath the SEPs, particularly 207-B North. 

Uranium-233/234 

Uranium-233/234 (U233/234) was detected at concentrations above the background 95 % * UCL of 0.53 pCi/g, in 44 Phase I boreholes at various depths. The U233/234 activity 
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concentrations ranged from 0.58 to 63.4 pCi/g in the Phase I data set. The maximum activity 
level was reported from borehole 46693 im,mediately below the SEP 207-B North liner from 
0.33 to 0.5 feet. Other samples collected from immediately below the SEP liners (207-A, and 
207-B North and Center) consistently displayed results of this magnitude. The greatest result 
from vadose soils deeper than 1 foot below the surface was from borehole 42193 in the northern 
portion of SEP 207-A at a depth of 0.5 to 2 feet (21 pCi/g). Borehole 40993 (located north of 
SEP 207-C) samples also exhibited elevated levels of U233/234 (2.7 pCi/g). The most elevated 
value of U233/234 (7.1 pCi/g) in the historical data set was detected in borehole P2010189, 
located immediately south of SEP 207-C. 

0 

The vertical concentration distribution of the U233/234 indicated that the activity 
concentrations generally decrease as a function of depth below the SEPs. The vadose zone soil 
results indicated that the majority of the elevated concentrations of U233/234 were located 
beneath the SEPs. The distribution of U233/234 is displayed on Figure 11.4.5-12. This figure 
schematically shows that elevated U233/234 concentrations are restricted to areas under and 
adjacent to the SEPs, that concentration levels generally decrease with depth, and that lower 
level concentrations are also found north and downgradient of the SEPs. Elevated U233/234 
concentrations were also detected at 20 to 31 feet in borehole 40993 (1.9 pCi/g) and in ground 
water north of SEP 207-C, suggesting that this SEP liner had been breached at some point in 
time or contamination migrated from upgradient. 

uranium-235 

Uranium-235 (U235) was detected at concentrations above the background 95% UCL of 
0.1 pCi/g, in 16 Phase I boreholes at various depths, from locations within and around the SEPs. 
The U235 activity concentrations ranged from 0.105 to 1.68 pCi/g in the Phase I data set. The 
maximum activity level was reported from borehole 46693 immediately below the SEP 207-B 
North liner from 0.33 to 0.5 feet. The greatest result from vadose zone soils deeper than 0.5 
feet below the surface was from borehole 42193 in the northern portion of SEP 207-A at a depth 
of 0.5 to 2 feet (0.87 pCi/g). The most elevated value of U235 (0.37 pCi/g) in the historical 
data set was detected in borehole P219489, located in the southeastern portion of the bone yard. 

The vertical concentration distribution of the U235 indicated that the activity 
concentrations generally decrease as a function of depth below the SEPs. The vadose zone soil 
results indicated that the majority of the elevated concentrations of U235 (27 out of 33 total 
detections) were located beneath the SEPs. The distribution of U235 is displayed on Figure 
11.4.5-13. This figure schematically shows that elevated U235 concentrations are restricted to @ 
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areas under and adjacent to the SEPs, and that concentration levels generally decrease with 
depth. 

Uranium-238 (U238) was detected at concentrations above the background 95% UCL of 
0.63 pCi/g, in 44 Phase I boreholes at various depths. The U238 activity concentrations ranged 
from 0.68 to 25.47 pCi/g in the Phase I data set. The maximum activity level was reported 
from borehole 46693 immediately below the SEP 207-B North liner from 0.33 to 0.5 feet. The 
greatest result from vadose soils deeper than 0.5 feet below the surface was from. borehole 42193 
in the northern portion of SEP 207-A at a depth of 0.5 to 2 feet (11.87 pCi/g). The most 
elevated value of U238 (3.9 pCi/g) in the historical data set was detected in borehole 5687, 
located in the industrial area west of OU4 near Building 780B. 

All elevated U238 sample results, greater than 2 pCi/g, are from vadose zone areas 
proximal to the SEPs. U238 was detected in vadose zone soil samples from boreholes 40293 
(1.8 pCi/g) and 40393 (1.9 pCi/g) located in the buffer zone. 

The vertical concentration distribution of the U238 indicated that the activity 
concentrations generally decrease as a function of depth below the SEPs. The distribution of 
U235 is displayed on Figure 11.4.5-14. This figure schematically shows that elevated U238 
concentrations are restricted to areas under and adjacent to the SEPs, concentration levels 
generally decrease with depth, and that lower level concentrations are also found north and 
downgradient of the SEPs. 

Q 

Gross Be$ 

Gross beta ionizing radiation was detected at concentrations above the background 95 % 
UCL of 27.99 pCi/g in 31 Phase I boreholes at various depths. The gross beta activity 
concentrations ranged from 28 to 55 pCi/g in the Phase I data set. The maximum activity level 
was reported from borehole 42393 located on the western berm of SEP 207-C at a depth of 6 
to 8.1 feet. The most elevated gross beta value in the historical data set was 120 pCi/g, detected 
in borehole P2010189, located immediately south of SEP 207-C. 

The vertical concentration distribution of the gross beta indicated that the activity 
concentrations generally decrease as a function of depth. The analytical vadose zone soil results 
indicated that the majority of the elevated gross beta concentrations were not necessarily located 



@ 
beneath the SEPs, but are found adjacent to the SEPs on berms, in the industrial area west of 
OU4 (borehole 43593), and east of OU4 in the bone yard (borehole 43293). The gross beta 
source distribution is displayed on Figure 11.4.5-15. This figure schematically shows that 
elevated gross beta concentrations are not restricted to areas under and adjacent to the SEPs, and 
that concentration levels do generally decrease with depth. 

Radium-226 

Radium-226 was detected at concentrations above the background 95% UCL of 0.65 
pCi/g, in 24 Phase I boreholes at various depths. The radium-226 activity concentrations ranged 
from 0.66 to 10.76 pCi/g in the Phase I data set. The maximum activity level was reported 
from borehole 46693 immediately below the SEP 207-B North liner from 0.33 to 0.5 feet. The 
greatest result from vadose zone soils deeper than 0.5 feet below the surface was from borehole 
46993 in the northwestern portion of SEP 207-B Center at a depth of 5.5 to 7 feet (6.83 pCi/g). 
The most elevated value of radium-226 (1.7 pCi/g) in the historical data set was detected in 

~ boreholes P219189 located north of the SEP drainage tile outfall in the seep area, and in 
borehole P219189 located in the industrial area west of OU4 northwest of Building 774. 

The vertical concentration distribution of the radium-226 indicated that the activity 
concentrations generally do not decrease as a function of depth below the SEPs. The vadose 
zone soil results indicated that the majority of the elevated concentrations of radium (15 Out of 
24 total detections) were located beneath the SEPs. Further, only one Phase I detection was not 
located adjacent to SEPs (44793). The distribution of radium is displayed on Figure II.4.5-16. 
This figure schematically shows that elevated radium concentrations are restricted to areas under 
and adjacent to the SEPs. 

S trontium-89/90 

Strontium-89/90 was detected at concentrations above the background 95 % UCL of 0.54 
pCi/g, in 10 Phase I boreholes at various depths, from locations within and around the SEPs. 
The strontium activity concentrations ranged from 0.55 to 27.6 pCi/g in the Phase I data set. 
The maximum activity level was reported from borehole 47093 immediately below the SEP 207- 
B Center liner from 0.4 to 0.6 feet. Twelve other samples taken from immediately beneath the 
SEPs liners had results of this magnitude. The greatest result from vadose zone soils deeper 
than 0.6 feet below the surface was from borehole 43193 located on the eastern berm of SEP 
207-B Center at a depth of 6 to 1 1  feet (0.88 pCi/g). The most elevated value of strontium (1.1 
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I '  pCi/g) in the historical data set was detected in boreholes 3987 and SP1087, located,northeast 
of SEPs 207-B and north of the northwestern comer of SEP 207-A, respectively. * 

The vertical concentration distribution of the strontium indicated that the activity 
concentrations generally decrease as a function of depth below the SEPs. The vadose zone soil 
results indicated that the majority of the elevated concentrations of strontium (10 out of 12 total 
detections) were located beneath the SEPs; the remaining detections occurred adjacent to the 
SEPs. The distribution of strontium is displayed on Figure 11.4.5-17. This figure schematically 
shows that elevated strontium concentrations are restricted to areas under and adjacent to the 
SEPs. 

Cesium-134 and Cesium-l137 

Cesium-134 was not detected above the detection limit in Phase I or the historical data 
sets. Cesium-137 was detected above the detection limit twice in the Phase I data set, and three 
times in the historical data set. Cesium-137 was detected in boreholes 41793 (0.42 pCi/g) and 
43793 (0.40 pCi/g) at depths of 0 to 5 and 0 to 6 feet respectively. Borehole 41793 is located 
on the eastern berm of SEP 207-B North, and borehole 43793 is located on the eastern berm of 
S W  207-A. Cesium-137 was detected in the historical boreholes P218389 at 0 to 2.9 feet (0.5 
pCi/g) and at 2.9 to 10.5 feet (0.3 pCi/g); and in borehole P219489 at 0 to 3 feet (0.22 pCi/g) 
and P210289 at 0 to 3 feet (0.3 pCi/g). Borehole P218389 is located in the eastern portion of 
the bone yard, and borehole P210289 is located on the northeastern berm of SEP 207-B South. 

@ 

Tritium 

Tritium was reported above the background 95% UCL of 212.2 pCi/L in 34 Phase I 
boreholes at various depths. The tritium activity concentrations ranged from 277 to 62,000 
pCi/L in the Phase I data set. The maximum activity level was reported from borehole 43393 
located in the southwestern quarter of SEP 207-A, at a depth of 4 to 7.6 feet. All the Phase I 
tritium sample results of this magnitude (tens of thousands) were from samples collected beneath 
the SEPs. Tritium sample results of a lesser magnitude (thousands and hundreds of pCi/L) were 
reported from widespread areas within OU4, including areas north of the SEPs inside and 
outside of the PA. The most elevated tritium sample result (7,430 pCi/L) in the historical data 
set was detected in borehole P218389, located in the eastern portion of the bone yard. 
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The vertical concentration distribution of the tritium indicated that the activity 
concentrations generally decreased as a function of depth below the SEPs. The analytical vadose 
zone soil results indicated that the majority of the elevated concentrations of tritium (63 out of 
101 total detections) were located beneath the SEPs, and that the remaining detections occurred 
adjacent to or north and downgradient of the SEPs. The stratigraphic distribution of tritium is 
displayed on Figure 11.4.5-18. This figure schematically shows that elevated tritium 
concentrations are restricted to areas under and adjacent to the SEPs. 

9 

II.4.5.4 Water Quality Parameters 

Water quality parameters were found in vadose zone soil samples collected during the 
OU4 Phase I RFI/RI. The PCOC water quality contaminants are nitrate and cyanide. These 
were detected above the background 95% UCL limit in OU4 surficial soils and have been 
deemed to exist in statistically significant quantities. The tables in Appendix II.2 list the 
samples containing analytes above the background 95% UCL limit. 

Nitrate and Nitrite 

Nitrate and nitrite concentrations were detected in vadose zone soil samples above the 
background 95% UCL of 7.1 mg/kg in 34 Phase I boreholes at various depths. Nitrate 
concentrations ranged from 7.13 to 6,100 mg/kg in the Phase I data set. The maximum 
concentration was reported from borehole 42193, located in the northwestern portion of SEP 
207-A at a depth of 0.5 to 4 feet. Other samples collected from beneath the SEP liners (207-A, 
207-B North and Center) consistently displayed results of this magnitude. The only exception 
was borehole 40993, located north of SEP 207-C, where samples of this magnitude were also 
collected. Samples collected from areas north of the SEPs (both inside and outside of the PA) 
and east of the SEPs (in the bone yard) had nitrate results in the tens or hundreds of mg/kg. 
Elevated nitrate levels of 387 mg/kg (boreholellocation 40593) and 142 mg/kg (boreholellocation 
40193) were reported from deeper bedrock material in the buffer zone. The samples from the 
buffer zone were taken from the same locations as those where elevated tritium levels were 
observed. 

The vertical concentration distribution of the nitrate indicated that the concentrations 
generally decrease as a function of depth below the SEPs,.and drop off considerably at a depth 
correlative with the saturated zone. The vadose zone soil results indicated that the majority of 
the elevated concentrations of nitratehitrite are located beneath the SEPs. The distribution of 
nitratehitrite is displayed on Figure 11.4.5-19. This figure schematically shows that elevated * 



nitrate/nitrite concentrations are restricted to areas under and adjacent to the SEPs, and that 
concentration levels generally decrease with depth. .@ 
Cyanide 

Cyanide contamination above the detection limit was reported in 15 Phase I boreholes at 
various depths. The highest concentrations were located beneath the northern half of SEP 207-A 
(boreholes 42193,43 pg/g; and 41593, 16.2 pg/g) and the center of SEP 207-B North (borehole 
46793; 30.7 pg/g). Concentrations of 4.26 pg/g (borehole 40593) and 2.68 pg/g (borehole 
40193) were detected in bedrock in the buffer zone. The distribution of cyanide is displayed on 
Figure 11.4.5-20, which shows that the most pervasive contamination in the northeast portion of 
SEP 207-B North and deep contamination north and downgradient of the SEPs in the buffer 
zone. 

~ 

II.4.6 Summary of the Nature and Extent of Contamination 

This section provides a synopsis of the previously presented surficial and vadose zone 
soil analytical data. a - 
II.4.6.1 Surfkial Soils Summary 

The distribution of the inorganic metals beryllium, cadmium, calcium, mercury, silver, 
and sodium contamination in surficial soils indicates that the SEPs have been sources for these 
metals. Surficial metal contamination may have been the result of aerosol dispersion of 
contaminated SEP liquids pr SEP overtopping. The drainage tile between SEP 207-A and the 
207-B SEPs appears to have discharged contaminants to the hillside north of the SEPs. 

The analyses of surficial soil samples consistently indicated that the most elevated 
concentrations of metal contaminants occurred on or adjacent to the SEP berms. This was 
determined to be the result of aerosol dispersion of SEP liquids, particularly from SEP 207-A, 
and subsequent accumulations of metals on surfaces in contact with SEP liquids. The drainage 
tile located between SEP 207-A and the 207-B SEPs provides a conduit for the discharge of 
metals, either in solution or as suspended particulates, to the hillside north of the SEPs. The 
occasional incidences of elevated metals in  the seep areas north of the SEPs were attributed most 
likely to the local accumulation of metals transported in ground water that discharges to the 
ground surface. 0 
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Elevated metal concentrations in surficial soils also occurred sporadically in outlying OU4 
areas, particularly in the bone yard east of the SEPs and north of the SEPs on the OU4 hillside. 
The bone yard area has been used extensively for the storage of discarded or used material and 
equipment at various times. These contaminants may have been transported and deposited by 
wind dispersion. 

The sporadic distribution of SVOCs in surficial soils and their absence in vadose zone 
soils suggests that these contaminants are not related to waste management practices at the SEPs. 
The SEPs have been lined and re-lined on several occasions with asphaltic material, and the 
staging of asphaltic construction materials or operation of a "hot-mix" batch plant may have 
contributed to the isolated sources of polycyclic aromatic hydrocarbon contamination. 

Additionally, isolated point sources, such as leakage of hydrocarbon compounds from 
vehicles, were likely contributors or sources for polycyclic aromatic hydrocarbons in surficial 
soils. The presence of polycyclic aromatic hydrocarbons in surficial soils in and adjacent to the 
seeps north of the SEPs suggests contamination origination from fluids passing through the 
asphalt liners of the SEPs. These fluids subsequently drained through the thin alluvial 'cover 
under the SEPs and continued north along the alluvial-claystone bedrock contact before . e resurfacing at the seeps. 

The distribution of the radionuclides in surfcial soils indicates that surficial contamination 
on the SEP berms and nearby has resulted primarily from aerosol dispersion of SEP liquids or 
SEP overtopping. 

The nitrate and nitrite has also been released from the SEPs. Although considered a 
highly mobile ionic species, nitrate is concentrated in the surficial soils proximal to the SEPS. 
The PCB Aroclor 1254 does not display a distribution pattern consistent with contaminant 
migration from the SEPs. 

II.4.6.2 Vadose Zone Soils Summary 

The extent of the metal contaminants of interest in vadose zone soils was more limited 
than in the surficial soils; however, the general distribution is similar. Metal contaminants 
detected in vadose zone soils occurred predominantly in the immediate vicinity of and beneath 
the SEPs. With the exception of barium and zinc, concentrations of metal contaminants 
generally decreased with depth. The distribution of metals in the vadose zone soils indicates that 
metals have entered the vadose zone from SEP liner breaches and were subsequently sorbed onto 0 
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the soil matrix. Elevated metal concentrations in vadose zone soils also occurred at the outfall 
of the drainage tile on the hillside north of the SEPs. The source of the liquids drained by the 
tile is liquids leaking from the SEPs, particularly SEP 207-A, where liquids were partially 
captured by the drainage tile and discharged to the hillside. Sporadic locations of elevated metals 
concentrations in vadose zone soils also occur elsewhere in the OU4 area, particularly in the 
bone yard east of the SEPs. Elevated contaminants in this area are most likely related to past 
storage activities rather than to SEP waste management practices. 

* 

Only the VOCs toluene, acetone, and methylene chloride were detected at significant 
sample frequencies. Although toluene was frequently detected, the results of the duplicate 
sample evaluation (Section 11.3.6) indicates that the analyses for toluene were not accurate or 
precise. The pervasive distribution of toluene in the subsurface at low levels indicates that 
external factors, such as cross-contamination during sampling or analysis, may have been 
responsible for the identification of toluene in samples. Acetone and methylene chloride were 
detected in equipment rinseate and laboratory blanks, which also suggests that these VOCs were 
introduced during sampling and laboratory activities. The ubiquitous distribution of 
contamination from bis(2-ethylhexy1)phthalate and other phthalates at low concentrations 
throughout OU4 and elsewhere at the RFP also indicates that the source of these compounds may 
be sampling- or laboratory-introduced contamination. a 

The concentration distribution of radionuclides beneath the SEPs indicated that 
concentration levels generally decreased with depth. With the exceptions of uranium-233/235, 
uranium-238, gross beta radiation sources, and tritium, migration of radionuclide contaminants 
is generally restricted to areas beneath the SEPs and the drainage tile outfall area north of SEP 
207-A and SEP 207-B North. The exceptions listed are found beneath the SEPs, and north, 
downgradient of the SEPs at seeps within the PA and further downslope (north) of the PA in the 
buffer zone. Further, the distribution of tritium in the buffer zone indicates that ground water 
has been a probable migration pathway for certain analytes released from the SEPs. 

The concentration distribution of nitrate in OU4 suggests that concentrations decrease 
with depth and that nitrate has a distribution pattern similar to that of tritium. Cyanide is present 
beneath SEP 207-A, north of the drainage tile outfall area, and north of SEP 207-C at shallow 
depths (0 to 6 feet). Cyanide is also found pervasively throughout the vadose zone beneath the 
northeastern portion of SEP 207-B North, and at depth (greater than 12 feet) northeast of the 
SEPs in the buffer zone. 
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lI.5 CONTAMINANT TRANSPORT AND FATE 

I1.5.1 Introduction 

~ An understanding of the transport and fate of potential contaminants in the surficial and 
vadose zone soils and pore waters is important in determining the interim remedial action 
alternatives for OU4. The mobility and persistence of contaminants within the vadose zone are 
affected by the physical and chemical properties of the contaminant and media, the release 
mechanism of a contaminant to a potential migration pathway, the migration rate, and the type 
and rate of contaminant degradation, retardation, or transformation during transport. The 
complex transport and fate interactions in the vadose mne govern the potential for a contaminant 
release to ground water at OU4 and define baseline criteria for interim remedial actions. 

Although not an objective of the Phase I WURI Work Plan, the processes that affect 
contaminant transport and fate at OU4 are discussed in this section. The discussion presented 
is based on 'the currently developed conceptual site model of variably-saturated vadose zone 
flow, the distribution of potential contaminants in the suflicial and vadose zone soils, and the 
probable contaminant pathways identified at OU4 during the Phase I RFI/RI investigation. 
Physical, hydraulic, and chemical characteristics of the vadose zone were previously discussed 
in Section II.3.3. The field and laboratory hydraulic parameters determined for the vadose zone 
also were described in Section II.3.3 and II.3.5. The distribution and extent of potential vadose 
zone contaminants at OU4 were discussed in Sections II.3.2, II.3.3, II.3.4, II.4.4, and II.4.5. 
These descriptions of the media characteristics and contaminant distributions form the basis for 
the conceptual site model described in Section II.5.3. 0 
II.5.1.1 Contaminant Sources 

The primary source of contaminants at OU4 were the process fluids and sludges piped 
to the original and existing ponds for storage and treatment. Liquids and sludges have been 
contained in the original or existing ponds since approximately 1953, and include the 
introduction of both treated sanitary wastewaters from the plant and ground water pumped back 
from the ITS during the recent past. The remaining liquids and sludges in the ponds are 
currently contaminant sources to the subsurface. However, liquids and sludges are currently 
being removed from SEPs 207-C and 207-B South. 

Other sources of contaminants in soils at OU4 include potential leakage from original 
process waste lines (OPWL), infiltrating surface water, upgradient contaminated ground water, 
and wind dispersal and deposition. These contaminant sources are part of the upcoming OU4 
Phase 11 RFI/RI and OU9 investigations and are not considered in this evaluation of contaminant 
transport and fate. However, these contaminant sources may be locally important at OU4. 

Waste liquids and sludges placed in the SEPs were composed primarily of process metals, 
radionuclides, nitrates, and major cations and anions. The process metals and radionuclides are 
minor contaminant constituents in the liquid phase. Nitrate, major cations and anions, and total 
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dissolved solids are the predominant constituents present in these liquids and sludges. Organic 
compounds, although present as demonstrated by chemical analyses of the pond sludges and 
liquids (Weston, 1991), are not a significant component of the waste streams disposed of in the 
ponds. 

The ponds may be conceptualized as mixing vessels, open to the atmosphere, in which 
the solids concentration is increased through evaporation of the water to form a sludge. The 
sludges are composed of crystalline wastes,,algae, and sediments. The liquids and sludges in 
the ponds undergo changes in chemistry through the mixture of different cations, anions, and 
suspended solids. These reactions are complicated by the evaporative process combined with 
periodic dilution by rainfall and snowmelt, volatilization, photochemical reactions, and 
microbiological activity. These processes transform both the liquid and solid chemical 
composition into additional dissolved and complex& chemical constituents that can potentially 
be released to the vadose zone by leakage and dispersion by wind. Leakage of fluids from the 
SEPs through the vadose zone beneath the ponds appears to have impacted ground water quality 
at OU4. 

II.5.1.2 Affected Media 

Both OU4 surficial and vadose zone soils have been affected by SEP releases. In 
addition, surface and ground water, wind, and anthropogenic processes also may have dispersed 
potential contaminants from the industrial area to OU4. 

0 II.5.1.2.1 Surficial Soils 

The surfkial soils affected include soils adjacent to the SEPs as well as soils located on 
the hillslope north of the SEPs. These soils were primarily contaminated by surface spills, pond 
overtopping, deposition of wind-blown aerosols derived from the ponds and particulate matter 
generated during past fires, residual debris remaining after pond repair and decommissioning, 
anthropogenic dispersion, and discharge of drain lines and contaminated ground water seepage 
to the north hillslope. 

Contaminants detected in the surficial soils include the process metals, radionuclides, and 
nitrates. Semivolatile organic compounds occur sporadically in surficial soil samples, but their 
spatial distribution is irregular and localized. Aroclor-1254 was also detected in surficial soils, 
but most of those samples were collected outside the OU4 boundary. 

Contaminants present in the affected surficial soils may be mobilized and transported to 
the vadose zone via inftltration of precipitation or leakage from the SEPs. Mobilization of 
surficial soil contaminants may also occur via surface water runoff, as airborne fugitive dust, 
or through tracking by humans, animals, and vehicles. Transport of these contaminants is 
controlled by the chemical nature of the contaminants, particulate size and occurrence, and rate 
of infiltration and subsequent percolation through the vadose zone. 
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II.5.1.2.2 Vadose Zone Soils e 
The vadose zone is defined in this report as the subsurface interval between the ground 

surface and the uppermost ground water table. The vadose zone includes geologic materials 
consisting of the RFA, colluvium, valley fill alluvium, disturbed materials, and artificial fill 
materials. Bedrock strata of the Arapahoe Formation may also be included in the vadose zone 
where the water table is below the top of bedrock. Because the ground water table fluctuates 
seasonally, the thickness of the vadose zone also varies seasonally. The thickness of the vadose 
zone is least in the spring when the ground water table is at its highest elevation. The greatest 
thickness of the vadose zone generally is during the late summer and fall when ground water 
levels are at their lowest elevation. The vadose zone thickness determined during this 
investigation varies from about zero at seep locations on the northern hill slope to about 20 feet 
north of SEP 2074 and in the area of the ITS. 

Contaminants detected in the vadose zone soils are similar to those found in the surficial 
soils with the exception of semivolatile organic compounds that were not detected in the vadose 
zone soils. The distribution of the contaminants in the vadose zone generally appears to be 
concentrated beneath the SEPs or in adjacent soils. 

Release of contaminants to the vadose zone soils occurred primarily by leakage from the 
SEPs to the subsurface. The irregular distribution pattern of contaminants in the vadose zone 
soils suggests that migration occurred primarily as vertical infiltration and migration in areas of 
pond liner breaches, overtopping arm, and possibly pipeline releases. Release rates were 
probably highest to the vadose zone soils while the ponds were in operation because the liquid 
level in the SEPs provided a significant driving force for leakage. 

@ 
II.5.1.3 Potential Migration Pathways and Transport Processes 

Surficial and vadose zone soils are the primary hosts for contaminants and the principal 
pathways for contaminant migration in the subsurface at OU4. Contaminants present in surficial 
and vadose zone soils have the potential to migrate from these soils, through the vadose zone, 
and to be released to the shallow water table present as the Upper HSU beneath the site. The 
contaminants are subject to a variety of potential desorption and leaching processes involving 
infiltrating water from the surface. Contaminants with high aqueous solubilities are most 
susceptible to leaching and desorption, while contaminants with an affmity for adsorptive solid 
phases are generally retarded in the vadose zone and exhibit low mobility. In areas where the 
vadose zone soils are thick or where alluvium ground water does not occur, the vadose zone 
soils may act as a natural barrier to migration. Other less important transport mechanisms at 
OU4 include surface water erosion, dissolution, runoff, wind erosion and transport of fugitive 
dust, and anthropogenic transport. These transport processes were not investigated during the 
Phase I RFURI and are not discussed further in this section. 
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II.5.2 Contaminant Behavior and Mobility 

The chemical characteristics of the contaminants, the physical and chemical properties 
of the site soils, and the vadose zone flow system are the controls of contaminant behavior and 
mobility. A discussion of the environmental characteristics that influence mobility is presented 
in Section II.5.2.1. General characteristics of the principal contaminants at OU4 are described 
in Section II.5.2.2. Specific chemical properties of radionuclides, nitrates, process metals, and 
organic compounds that control their behavior and mobility in subsurface environments are 
discussed in Sections II.5.2.2.1 through II.5.2.2.4. 

II.5.2.1 Environmental Characteristics that Influence Mobility 

The mobility of compounds in the subsurface is determined by a complex interaction 
between the inherent physical and chemical properties of the contaminant and the soil matrix, 
soil pore water, and gases contained in pore space between soil particles. Soil characteristics 
affecting constituent transport in the vadose zone can be categorized into physical and chemical 
components. Physical properties of the soil affecting contaminant mobility include permeability, 
porosity, degree of saturation, and temperature. Some of the chemical properties affecting 
mobility include pH, redox potential, ion exchange capacity, clay content, total organic carbon, 
and concentrations of major and minor ions and gases (Maidment, 1992). 

Based on these properties and the physical and chemical characteristics of the 
contaminant, a variety of processes may occur which affect mobility. Some of these include: 
sorption (adsorption and absorption), desorption, capillary retention, biodegradation, radioactive 
decay, precipitation, dissolution, complexation, volatilization, acid-base reactions, hydrolysis, 
and redox reactions. In combination with these processes, movement of compounds through the 
vadose zone is driven by diffusion in response to molecular concentration gradients, dispersion 
in response to heterogeneities in the permeability of the soils, and/or advection-type movement 
with the percolation/flow of water across soil layers down to the saturated zone (Maidment, 
1992). In addition, fluctuations in the ground water table also affect conditions in the vadose 
zone and contaminant transport. These fluctuations are especially apparent on a seasonal basis 
at RFP (Rockwell, 1988~). 

@ 

For the purposes of this discussion, the primary concern is whether the PCOCs will 
partition onto the soils and remain in the vadose zone or dissolve in pore water and migrate to 
the shallow water table. Transport to the water table relies on chemical factors that promote 
constituent solubility, physical properties that influence sorption and capillarity, and flow 
conditions that allow water containing the dissolved constituents to move unimpeded. The 
following discussion focuses on the chemical conditions influencing solubility rather than 
establishing the actual rate of movement based on the geologic and hydraulic properties of the 
vadose zone. The description of the relevant soil characteristics (provided below) influencing 
mobility in the SEP area is based on information provided in Section II.3.3. Subsequent 
discussion in Section II.5.2.2 focuses on the interaction of these soils with the general PCOC 
chemical groups found at OU4, including radionuclides, nitrates, process metals, and organics. 
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. .  Geologic Charactensbcq 

Vadose mne geologic characteristics in OU4 were determined during RFl/RI site 
characterization activities, including drilling of boreholes and piezometers and analysis of the 
resulting lithologic and hydrologic data (Rockwell, 1988c; DOE, 1994). The surficial materials 
on the pediment where the ponds are constructed is predominantly composed of Rocky Flats 
Alluvium. The alluvium consists of poorly sorted, unconsolidated clay, silt, sand, and gravel 
deposits. These deposits are mildly calcareous and weakly cemented in places. On the hill 
slopes descending to North and South Walnut Creeks, colluvial material exists, consisting 
predominately of clay with common occurrences of sandy clay and gravel. Much of the soil 
surrounding the SEPs has been disturbed and is generally described as unconsolidated clay, silt, 
sand, gravel, and pebbles (Rockwell, 1988~). These disturbed areas may have soils with higher 
permeability than the native soils. The clay that exists in each of these geologic units has the 
effect of decreasing soil porosity and permeability, thus reducing the hydraulic conductivity of 
the soils and the rate of contaminant transport. 

Hvdraulic Characteristics 

The native soils present at the surface and in the subsurface of OU4 generally have low 
saturated permeabilities, ranging between lC5 and lo4 cm/s, because of their poor sorting and 
clay content. Areas where the native soils have been disturbed by excavation or construction 
activities may have higher saturated permeabilities because these soils may be less compacted 
or of different composition and texture. Because of the poorly sorted soils beneath the SEPs, 
uniform intergranular moisture flow through the vadose zone soils does not readily occur. The 
primary infiltration pathways may be through macropores and disturbed soil areas present in the 
subsurface (Rockwell, 1988~). These characteristics of the soil have the effect of channeling 
water or contaminants vertically and laterally through preferred pathways in the soil, leaving 
some area unaffected by either the infiltrating water or contaminant release. These preferred 
pathways may result in localized areas of increased contaminant mobility as well as adjacent 
soils that are essentially unaffected by either the infiltrating water or advancing contaminant 
front. The clays present in the soils may limit contaminant mobility through cation exchange 
where applicable. More conservative contaminants such as nitrate will not be retarded by 
sorptive processes. Nitrate present in less permeable soils will be readily available for leaching 
and transport, but may leach at slow rates because of the low saturated permeabilities. 

Chemical Characteristics 

Chemical characteristics of the Rocky Flats Alluvium as presented in Section II.3.3.6 
indicate that these clayey soils have a high cation exchange capacity (30 meq Na/lOO g), average 
electrical conductivity typical of moderately saline soils, and sparse total organic content (0.01 
percent to 1.40 percent). Pore water analysis of pH ranged between 7 and 8.5, with the 
exception of one isolated pH measurement of 12 near SEP 207-C, indicating only slightly 
alkaline soil. These chemical characteristics of the soil have varying impacts on the mobilities 
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e of the different PCOC groups. The implications of these soil chemical characteristics will be 
discussed based on their interaction with each PCOC group below. 

II.5.2.2 Contaminant Characteristics 

Because of the complex interaction between the factors influencing chemical mobility, 
it is often difficult to predict the precise environmental fate of a given compound. However, 
compounds of similar chemical nature can be grouped or classified and their overall fate can be 
predicted on the basis of one or two overriding characteristics. Table II.5.2-1 lists the PCOCs 
in addition to relevant physical and chemical properties that influence mobility. The parameters 
summarized in the table are described as follows: 

e Solubility values listed in the table are provided at a specific temperature and pH. 
Because the solubility of many compounds is pH dependent, this value does not 
completely describe the overall mobility. Rather, solubility must be examined in 
combination with soil matrix characteristics. The table values may be used to 
judge relative solubilities between compounds. 

. 

e The Henry’s Law Constant provides a measure of the extent of chemical 
partitioning between air and water at equilibrium and is directly related to the 
compound’s vapor pressure. The higher the Henry’s Law Constant, the more 
likely a chemical is to partition into the gaseous phase from the water phase. 
Compounds with values greater than IO3 atm-m3/mol are generally regarded as 
being volatile. 

e K, is a measure of the partitioning between soil organic carbon and water at 
equilibrium. Similarly,‘K, is the partitioning between octanol (an organic 
compound used as a surrogate for lipids) and water. The greater the K, and L, 
the greater the propensity to partition to the soil organic fraction rather than 
water. 

e The half-life provides an overall measure of the persistence of a compound in the 
soil matrix by evaluating rates of the most important degradation pathway. In 
soil, the most common processes are biodegradation, radioactive decay, and, for 
limited compounds, hydrolysis. Hydrolysis only applies to a limited number of 
chemicals that have a hydrolyzable group such as esters, aliphatics, halogens, 
amides, carbonates, and phosphate esters (Howard et al., 1991). Biodegradation 
is considered to be rapid if the half-life is between 1 and 7 days, moderately fast 
between 7 and 28 days, slow between 28 and 180 days, and resistant to 
biodegradation if greater than 180 days (Howard et al., 1991). 

11.5-6 



c 
c s" 4 :- 

a 0 

II.5-7 



I 

h 0 

? 

II.5-8 



e .  

n.5-9 



e II.5.2.2.1 Radionuclides 

Uranium, plutonium, and americium are the three actinides with unstable isotopes 
(radionuclides) of interest at OU4. In addition, tritium, one of the radioactive isotopes of 
hydrogen, is also of concern. The mobility of these radionuclides in the vadose zone is an 
important and highly complex aspect of the fate and transport analysis. As for most 
contaminants, but especially for actinides, their mobility in a porous media with any degree of 
water saturation must be thought of in terms of a three-phase (minimally) system. These three 
phases include the stationary solid mineral and organic matter phases of the vadose zone soils, 
the pore water aqueous phase, and the mobile solid phases in the form of suspended matter 
(particles and especially colloids) within the aqueous phase. Partitioning of contaminants 
between these phases is a function of their dissolved (solute) stability in the aqueous phase as 
controlled by pH, effective redox conditions, stability of contaminant complexes, concentration 
of complexing ligands, and solute aff~ty for the other two phases. Transfer of contaminants 
from the aqueous phase to either solid phase is controlled by the overall chemical environment 
of the aqueous phase (pH, ionic strength etc.), the tendency of aqueous solutes to form polymers 
(which act as suspended solids), adsorption and desorption equilibrium and kinetic processes, 
the mineralogy and surface characteristics of the stationary or mobile solids, and competition for 
available sorption sites between contaminants and non-contaminants. One additional complexity 
is the physical stability of the mobile solid (with any associated contaminants) relative to the 
stationary solid phase which is, in part, a function of flocculation or aggregation of suspended 
partkles. Kim (1991), Dearlove et al. (1991), and others discuss the potentially critical 
importance of mobile solid (colloid)-facilitated transport of actinides and the serious 
underestimation of the mobility of these contaminants which can result from ignoring it. 0 
Uranium 

Uranium is a multivalent actinide, but in surface and near-surface environments, the 
predominant aqueous form is U(W) (uranyl). Similarly, typical secondary uranium solids are 
U(VI). The specific dissolved form of uranium is strongly dependent on the availability of 
complexing ligands, especially C03=, PO:-, and F, because formation constants of 
complexes with these ligands are much larger than those of the hydroxide complexes. These 
complexes are neutral or anionic (Langmuir, 1978) for the pore water conditions expected 
beneath the SEPs. Results of a limited modeling exercise (SOLMIN88) with one ground water 
sample (P208989, used as a surrogate for sub-pond pore waters) indicated that the vast majority 
oE dissolved uranium is present as a neutral uranyl carbonate (UO,CO,O) complex. The next most 
abundant complex is UO2(HPO4),2-. 

Sorption of uranyl onto amorphous i r o n 0  oxyhydroxides is known to be a potentially 
significant factor in uranyl mobility. Hsi and Langmuir (1985) show that for near-neutral pHs 
of 6 to 7, and 1E-3M total dissolved carbon (similar to P208989 water) uranyl sorption on 
surfaces is very effective. However, at higher pH values and total dissolved carbon o C )  of 
1E-2 to 1E-3 M, uranyl sorption on iron 0 oxyhydroxides is far less efficient and almost 
negligible. (Hsi and Langmuir, 1985.) It should be noted that lysimeter pore water pHs ranged 
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from 7 to 9 and occasionally higher. Modeling .also indicated that rutherfordine (solid UQC03s) 
is near saturation in P208989 ground water. Although it is unlikely that rutherfordine would 
exist as an independent solid, this suggests the possibility of coprecipitation with Catcite and/or 
the formation of a solid solution on caliche surfaces. 

Uranium mobility in the immediate vicinity of the SEPs will be strongly affected by the 
presence and concentration of old process waste in pore waters because it limits the availability 
of complexing ligands for uranyl and the pH. Original wastes were very acidic and neutralized 
wastes were very alkaline. The combination of abundant complexing ligands (e.g., C03", PO4%) 
and low or high pH may serve to severely limit attenuation of uranyl by sorption processes. 

Plutoniurq \ 

Plutonium, like uranium, is a multivalent actinide but, unlike uranium, more than one 
oxidation state is common in the natural aqueous environment and current understanding of their 
stability ranges is incomplete. (Little has been added to the body of literature on plutonium 
redox chemistry in the last eight to ten years.) Plutonium may be unique in its ability to coexist 
in four oxidation states in a single aqueous solution (Cleveland, 1979). PuO and Pu(IV) are 
regarded together as the reduced forms of plutonium and have been studied as Pu (III,IV) 
(Hamilton-Taylor et al., 1993; Watters, 1983; and Cleveland, 1979) For natural waters, 
Pu@I,IV) should predominate in most ground waters or otherwise non-oxygenated (reduced) 
environments. Pu(III,IV) should predominate in moderately acidic natural water environments 
under all redox conditions. Oxidized forms of plutonium include PuO and P u o .  PuO 
should predominate in most natural oxygenated waters, while P u o  is probably only significant 
in alkaline oxidized environments. The subsurface environment of OU4 is likely to be very 
complex with respect to plutonium because all of the above-mentioned environments have existed 
andor continue to exist due to the changing chemistry of the pond waters and natural variations 
in redox conditions in the vadose and saturated zones. Cleveland et al. (1983) acknowledge the 
great complexity associated with plutonium chemistry in the natural environment and cautioned 
that tests of plutonium mobility must be site-specific. 

e 

Pu(III) in solution exists mainly as Pu(III) and is not very likely to form complexes 
(Cotton and Wilkenson, 1980). Although probably not relevant under ordinary environmental 
conditions, Pu(III) may have been the predominant form in the early process waste waters placed 
in the SEPs because of the extremely low pH and the fact that nitric acid (a major constituent 
of the waste) has little oxidizing power below 2 M (Cotton and Wilkenson, 1980). Upon 
neutralization of the pond waters beginning in 1963, PuO probably became a non-issue and 
any early pond leakage that may have become trapped in pore waters beneath the ponds was 
probably similarly neutralized by water-rock interaction. 

Pu(IV) is perhaps the most abundant species of plutonium under the environmental 
conditions present at OU4. Pu(IV), which exists as Pu(IV), is strongly hydrolyzed and is the 
most readily complexed of all the oxidation states of plutonium. It forms complexes in the 
following order of preference for univalent ligands: F> N Q  > C1-; and for divalent ligands: 
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0 C03= > oxalate' > SO,= (based on trends for the actinides in general) (Cotton and Wilkenson, 
op. cit.), although little hard data for formation constants exist (Cleveland, 1979). Kim et al. 
(1983) have determined stability constants for Pu(IV) carbonate complexes and demonstrated 
their existence above pH 8. Pu(IV)-CQt complexes are also suggested by the work of Sanchez 
et al. (1985). Nash and Cleveland (1983) have tabulated stability constants for Pu(III and IV)- 
SO4- complexes. In the pond waters and high nitrate pore and ground waters, Pu(IV)-NO; 
complexes may exist. The tendency of Pu(IV) for complexation also enhances its association 
with solid phases via sorption and makes it the predominant redox form in sediments and on 
organic matter. It is also possible that plutonium is sorbed as Pu(V) or PuO and undergoes 
reduction to Pu(IV) on the solid surface (Keeney-Kennicutt and Morse, 1985). Sanchez et al. 
(1985) showed that Pu(IV) is strongly and rapidly sorbed to amorphous iron hydroxide 
(0rFeOOH) above pH 2 and low alkalinities. Sorption was not affected by ionic strength, so it 
should not be influenced by simple dilution of SEP waters. At very high alkalinities (C 1,OOO 
meq/L) Pu(IV) sorption was virtually nonexistent, again indicating that aqueous Pu(IV)-CQ' 
may exist but only under extreme alkalinity conditions not relevant to OU4. Hamilton-Taylor 
et al. (1993)'noted that adsorptiotddesorption of Pu(III,IV) was highly asymmetric, resulting in 
desorption Kd values up to 36 times greater than adsorption Kds for low salinities (< 1,OOO 
mg/L). This supports the observation that desorption is a slower process than adsorption in the 
case of reduced plutonium.. 

A very important aspect of Puw) chemistry is its strong tendency for polymerization 
under all  but the most acidic (< pH 1) conditions (Cleveland, 1979). The resulting polymers 
can range in molecular weight from 4,000 to 1O1O Daltons and thus are present as colloids over 
at least part of their size range. Formation of Pu(IV) polymers is irreversible or nearly so and 
they increase in size and stability with time. The presence of these very stable, suspended 
polymers of Pu(IV) largely eliminates the relevance of complexation, sorption, and ionic 
sorption-based predictions of retardation (Kd) values. Rather, the issues of retardation, 
attenuation, and source potential of vadose zone soils becomes a matter of physical stability of 
polymers, polymer colloids, polymers adsorbed on other colloids, and polymers adsorbed on 
stationary solids (Stumm and Morgan, 1981). Similarly, accurate determination of mobile 
(aqueous phase and mobile solid phase) plutonium concentrations, especially in ground waters, 
becomes a function of how rapidly water is removed from the aquifer environment - excessive 
rates may increase apparent mobile concentrations by removing polymers/colloids from the 
stationary solid phase (McCarthy and Degueldre, 1993). 

0 

h(V) and PuO are considered the oxidized forms of plutonium and exist in pure water 
as the dioxo cations Pu(V)Q+, and Pu(VI)O,2+, respectively with the former dominating in 
most fresh water and sea water environments. Redox stability of the oxidized forms appears to 
be, in part, a solid-state reaction in as much as reduction to Pu(IV) is associated with adsorption, 
although the mechanism is unclear (Keeney-Kennicutt and Morse, 1985). Pu(VI)O;+ is expected 
to be analogous to U O Q * "  and form carbonate complexes and have similar sorption 
characteristics, while Pu(V)02+ is expected to be less likely to sorb because of its monovalent 
charge (Cleveland, 1979). However, Sanchez et al. (1985) demonstrated effective but slow 
(relative to Pu(IV)) sorption of Pu(V) onto aFeOOH with a sorption edge at pH 4. The 
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0 applicability of the oxidized plutonium species to OU4 is not clear, but they might be most 
relevant in the alkaline, oxidized SEP waters present after the advent of large-de neutralization 
with caustic.soda. Assuming either of the oxidized plutonium forms predominated in the post- 
neutralization pond waters, the removal of plutonium from pond leakage via sorption, and hence 
its Kd, would be a function of its complexation with available ligands. 

Americium 

The actinide americium contrasts with uranium and plutonium because of its singular 
valence state, A m O ,  which predominates over the entire range of natural conditions ( T h y  et 
al., 1991). This is due to the large redox potential between A m 0  and both lower and higher 
valence states (Cotton and Wilkenson, 1980). Americium is similar to the lanthanides in many 
respects and is closely approximated by N d o .  Hydrolysis and complexation of A m 0  by the 
carbonate ligand is well documented (Nitsche et al., 1989; Meinrath and Kim, 1991). The 
cationic complexes A m O ,  AmOH2+, Am(OH),+, and Am(CO,)+ predominate in differing 
relative amounts below pH 8.5. Above pH 8.5 the anionic complex Am(C0,L is predominant. 
Recall that U o  is only cationic below pH 5 in the presence of carbonate ligand and PuO 
is probably cationic only below pH 6. 

The maximum concentration of americium in solution will be controlled by either the 
solubility of a solid Am-bearing phase or by sorption onto some solid. Furthermore, 
concentrations controlled by sorption should be lower than those controlled by the least soluble 
solid. Two americium solids have been identified in the Am-C0,-H20 system (analogous to 
rutherfordine in the U-C02-H20 system), namely AmOHCO,(s) and Am2(C03)3.2H20(s) (Triay 
et al., 1991), but their minimum solubilities are on the order of lo7 to lo8M or lo7 to lo8 
pCi/L, while the maximum "'Am activity in OU4 ground waters observed is 0.5 pCUL and the 
maximum concentration in the pond waters in 1991 was 5.5 pCi/L. This suggests that these 
solids are not controlling Am@) concentrations at OU4. Stammose and Dolo (1990), Triay et 
al. (1991), and others have investigated the sorption of A m 0  onto various geologic materials 
and found the highest Kd values to occur above pH 6. 

0 

Effective sorption of americium does not automatically imply immobility of americium. 
Kim (1991) reports the strong, quantitative sorption of A m 0  to alumina colloids above pH 5 
and the pervasive and reversible sorption onto natural humic colloids in ground water. 
Additionally, Am(III) is reported to form colloids through polymerization in near neutral 
solution, but was found to be less stable than Pu(IV) colloids and tended to sorb onto other solid 
surfaces, including natural colloids. To the extent that any of these colloidal mobile solid phases 
remain stable in the aqueous phase, the result will be mobility of americium. 

Tritium 

Tritium is a radioactive isotope of hydrogen that behaves differently than the metal 
radionuclides. Except for slight differences in vapor pressure, tritiated water behaves like 
ordinary water (Jacobs, 1974). A small fraction may associate with hydrogen-containing soil 
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0 organic compounds or as part of structural hydroxyl groups (Jacobs, 1974; Stewart, 1967). 
However, for the most part, field studies have confirmed that tritium travels at about the same 
velocity as soil pore water and ground water (Brown, 1969, and can be expected to be readily 
transported to ground water. 

II.5.2.2.2 Nitrate 

Although nitrate is a naturally-occurring anion in soil organic matter and soil moisture, 
elevated nitrate concentrations are almost always due to anthropogenic activity. In the case of 
OU4, liquids placed in the SEPs are an obvious source of high nitrate in soils, soil moisture, and 
shallow ground waters. Plutonium processing operations involve large quantities of nitric acid, 
parts of which ultimately become waste streams placed in the ponds. As the opration and 
designated use of the ponds has changed over the years, so did the concentration of nitrate in 
effluents discharged to the ponds. Early pond waters contained upwards of 50,000 mg/L NQ-N 
(nitrate reported as nitrogen - to convert to nitrate as nitrate multiply by 4.42). A 
comprehensive sampling and analysis of pond waters in 1991 (Weston, 1991) found no more 
than 2,300 mg/L NO,-N. 

Inorganic nitrogen occurs in multiple valence states under environmental aqueous 
conditions and each forms a predominant compound or ion: N(-III) - NH4+ (ammonium), NH3(g) 
(ammonia) ;N(O) - N2(g); N(+III) - NQ- (nitrite); N(+V) - NQ- (nitrate). N,(g) is generally 
ignored in soillground water geochemical discussions when significant numbers of nitrogen- 
fixing plants or anaerobic denitrifying bacteria are absent because the non-biologically-mitigated 
kinetics of N2 reduction and oxidation are extremely slow. In virtually all oxidized (surface) 
natural waters, nitrate is the dominant dissolved form of nitrogen, while ammonium should 
predominate in even mildly reducing environments. The intermediate oxidation state species, 
nitrite, is only dominant over a narrow redox range. In addition to the predominant NO; form 
of nitrogen in waste streams, SEP 207-C contained significant (2,000+ mg/L) N a -  in 1991. 
Unfortunately, all lysimeter pore water samples and the vast majority of ground water samples 
were analyzed by Method 353.2 which determines NO; + NO,- ("NitratelNitrite") and no NH3+ 
determinations were made, so little information exists on dissolved nitrogen redox speciation. 

@ 

Since stable soluble forms of nitrogen exist under all redox conditions and since most 
nitrate and ammonium salts are highly soluble in water, dissolved nitrogen is very mobile, 
especially under relatively oxidizing conditions. The anionic NO< and NO; ions are very poorly 
sorbed to solid substrates, but ",+ is strongly sorbed and retained on soil profiles. 
Consequently, it is likely that NO; behaves conservatively in the OU4 environment but the 
overall nitrogen budget is incompletely known due to lack of information on the distribution of 
the least conservative nitrogen species, ",+. 
IX.5.2.2.3 Process Metals 

These are metals other than uranium, plutonium and americium, used in various 
operations at RFP, which have been components of the SEP waste streams. Table II.5.2-2 lists 
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some of these metals and some relevant fate and transport properties. As a group, these metals 
are diverse in their chemical properties, and consequently it is difficult to make generalizations 
about their mobility, speciation, complexation, solubility, and sorption. The difficulty in 
anticipating and quantifying all relevant variables and predicting mobility and fate makes site- 
specific tests of leachability and retardation necessary. 

* 
The mobility of the metal PCOCs is controlled by the formation of soluble complexes 

and sorption to geologic material. Most metals will form positively charged hydroxyl 
complexes, under the anticipated OU4 soil pH and redox potential, which will tend to sorb to 
geologic materials given the high CEC values. Metal mobility is increased in the presence of 
chloride, as chloride will form metal complexes that do not successfully compete with smaller, 
more highly charged cations for sorption sites (Riemsdijk and Hiemstra, 1993). Thus, the 
moderate salinity of soils in the vicinity of the SEPs may to some extent inhibit metal sorption. 

II.5.2.2.4 Organic Compounds 

The mobility of organics in the vadose zone is controlled by the type of organic 
compound (polar or nonpolar), the solubility and volatility of the compound, and the total 
organic carbon content of the soil matsix. Because of their high K, values, most organics will 
preferentially partition onto the soil organic fraction. Because VOC I(d values generally are low, 
partitioning of VOCs is minimal. Given the relatively low total organic carbon content of the 
soils surrounding the SEPs, movement of dissolved VOCs will be relatively unimpeded and 
driven by their equilibrium solubility, Water percolating through the vadose zone will dissolve 
small amounts of the organic constituents and ultimately transport them to the ground water 
table. 

a 
Organic solubility is not as sensitive to oxidation-reduction potential, pH, or the presence 

of ionic species as is the solubility of metals. Therefore, the solubilities provided in Table 
II.5.2-1 are valid for a wide range of environmental conditions. The chemical 1,4- 
dichlorobenzene will most readily migrate to ground water because of high solubility. With a 
relatively high Henry’s Law constant, a fraction of 1,4-dichlorobenzene will be found in the 
vapor phase and will also be subject to migration. Bis(2-ethylhexyl)phthalate has a moderate 
solubility but a high K, and thus will be relatively immobile. With a relatively fast half-life, 
it will biodegrade more readily than the other organics. 

PCBs and the remaining organic PCOCs (which are all classified as polycyclic aromatic 
hydrocarbons) are much less soluble and have lower Henry’s Law constants. Neither PCBs nor 
PAHs readily biodegrade. Therefore, a larger mass fraction of these compounds will remain 
in the soils rather than being dissolved in ground water. 

II.5.2.3 Summary of the Behavior and Mobility Process 

The mobility and ultimate fate of the PCOCs is driven by a combination of complex 
factors related to the soil matrix and contaminant properties. The important soil characteristics 
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@ that control contaminant fate are the high clay content and the resulting high cation exchange 
capacity, low total organic carbon, slightly alkaline pH, and heterogeneous texture. Except for 
the low total organic carbon content, all of these characteristics will to impede contaminant 
migration. 

The metal radionuclides, uranium, plutonium, and americium, vary in mobility depending 
on the soil pH and redox conditions in the vadose zone. In contrast, tritium associates with the 
soil pore water and will ultimately migrate into the shallow ground water. 

The two most mobile organics are 1,4dichlorobenzene and bis(2-ethylhexyl)phthalate 
which have moderate solubilities. The PCB and PAH compounds will remain in the vadose zone 
due to their low solubilities. Both nitrate and the soluble organics will tend to move rapidly 
through the soil in areas that are consistently infiltrated with water. However, due to a 
channeling effect that may be present in the subsurface soils due to irregular intergranular spaces 
and infiltration preferring disturbed areas, pockets of nitrate and soluble organics may be less 
mobile because of their possible isolation from infiltration. 

II.J.3 Conceptual Model of Vadose Zone Flow 

A conceptual model of vadose zone flow (Figure II.5.3-1) is developed to provide an 
understanding of the proposed mechanisms for contaminant transport in the vadose zone and the 
natural flow limitations imposed by the current hydraulic conditions existing in the vadose zone 
beneath OU4. This model provides a foundation for formulating decisions concerning closure 
and remedial actions at the site as part of the IM/IRA. e 

The conceptual site model presented in this section is a representation of the OU4 vadose 
zone hydraulic system and the physical and chemical processes that affect transport of 
contaminants in the vadose zone media. The model describes known and suspected sources of 
contamination, types of contamination, affected media, and contaminant migration pathways. The 
conceptual site model presented here does not discuss the potential receptors nor evaluates the 
risk to the environment or human health. Proper development of the conceptual site model is 
important in determining the necessary interim closure and remediation options, and ultimately 
the risk posed to any potential receptor. 

II.5.3.1 Regional and Local Infiltration 

The central Rocky Mountain region, including the Front Range where the Rocky Flats 
Plant is located, is characterized by mean annual precipitation of 15 inches. Approximately 40 
percent of this precipitation falls during the spring. Supercell storm events during the summer 
account for an additional 30 percent of the annual precipitation. Autumn and winter are drier 
seasons, and account for 19 and 11 percent of the annual precipitation, respectively. Snowfall 
averages 85 inches per year, occurring primarily between October and May. Other negligible 
sources of recharge include infiltration of stream flow along drainages that are above the 
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bedrock-alluvium contact, and mountain-front recharge along the foothills. Pan evaporation rates 
for the RFP area exceed 60 inches per year. This results in a net annual water loss; however, 
during the winter and spring, evaporation and transpiration rates are less, so infiltration may 

0 
occur. 

During operation of the SEPs, recharge to the unconfined ground water system beneath 
the SEPs resulted primarily from infiltrating precipitation, leakage from the SEPs, and possibly 
broken OPWL lines. Leakage from the SEPs is currently limited since only SEP 207-C contains 
liquids. Leakage from the SEPs, as demonstrated by nitrate contamination beneath the SEPs, 
was driven primarily by the hydraulic head existing in the ponds during their operation. At 
present, recharge at OU4 probably only occurs during the winter and spring when sufficient 
precipitation is available and evapotranspiration is less. 

II.J.3.2 Variably-Saturated Vadose Zone Flow System 

The primary control on contaminant fate and transport at OU4 is the presence of a 
variably saturated vadose zone beneath the site. This section describes the conceptual model of 
variably saturated flow in the vadose zone at OU4. Estimates of infiltration at the site are 
provided along with a discussion of the processes governing infiltration, contaminant flow, and 
ground water recharge. 

Recharge through the vadose zone at OU4 is seasonal and occurs primarily during the 
late Winter through spring when precipitation exceeds bare soil evaporation and plant 
transpiration. Recharge probably occurs when the frequency and duration of precipitation 
events, in conjunction with less evapotranspiration, create an increase in the available moisture 
for infiltration and recharge. 

Infiltration probably occurs through macropores and through interstitial flow in localized 
areas of higher hydraulic conductivity soil. This is evidenced by the relatively rapid water table 
rise (during a precipitation event) that was observed at some of the piezometer locations at OU4. 
When deep infiltration occurs, vadose zone flow is generally vertically downward from ground 
surface to the unconfined ground water table. 

Infiltration by interstitial flow through the vadose zone soils can be estimated by 
assuming that the hydraulic conductivity of the soils under unit hydraulic gradient and a given 
matric potential is equivalent to the variably saturated flux. The geometric mean of the 
corrected unsaturated hydraulic conductivity determined during this investigation for the RFA 
at calculated matric potentials is about 7 x cm/day . Therefore, assuming a unit hydraulic 
gradient, the flux through a unit area of the vadose zone is about 7 x cm/day. Assuming 
that all of this flux reaches the saturated ground water system, an estimate of ground water 
recharge at OU4 is about 9 x lo3 inches per year (in/yr). The estimate of infiltration at Eeatty, 
Nevada, where rainfall is less than 5 inches, is about 2 x lo3 in/yr (Nichols, 1986). Since 
precipitation at RFP is about 15 in@, the estimated infiltration rate for OU4 compares favorably 
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with that for l3eatty because precipitation at RFP is about three times higher and the OU4 
infiltration estimate is also increased threefold. @ 

This small amount of estimated interstitial infiltration cannot account for the water table 
fluctuations observed at the site, providing further evidence that the predominant infiltration 
mechanism at OU4 is macropore flow. This apparent lack of areal interstitial infiltration through 
the alluvium as a source of ground water recharge may also suggest that the variations in Upper 
HSU ground water level observed at the site results from direct recharge from the bedrock strata 
(EG&G, 1993). 

During operation of the SEPs, leakage from the ponds was probably the principal source 
of recharge through the alluvium to the ground water table. This leakage would have resulted 
in higher infiltration flux rates beneath the ponds since the soil moisture contents would have 
been higher and the unsaturated hydraulic conductivity would approach saturated hydraulic 
conductivity. Higher moisture contents in these soils increases the unsaturated hydraulic 
conductivity; resulting in more rapid flow rates. Locally developed ground water mounds may 
have developed intermittently during pond operation. 

Variances in calculated matric potential with depth were noted in the vadose zone; 
therefore hydraulic gradients are related to both changes in matric potential and elevation head. 
Observations concerning the soil moisture charactenstics of the vadose zone soils indicate that 
hydraulic conductivity decreases rapidly with less than a 5.percent decrease from saturated 
moisture content. Consequently, flow in the vadose zone is not constant, but varies with the 
heterogeneous nature of the subsurface soils. The heterogeneous lithology of the vadose zone 
suggests that significant variations in hydraulic properties occur with depth. Consequently, 
variably saturated flow through the vadose zone soils is not uniform and may be significantly 
accelerated or decelerated by layers of varying hydraulic conductivity. 

@ 

The apparent lack of areal interstitial infiltration at OU4 suggests that contaminant 
transport occurs through localized areas of saturated flow, macropores or other areas of limited 
higher hydraulic conductivity. This type of flow system provides an irregular contaminant 
distribution pattern and minimizes the potential for infiltration to mobilize contaminants present 
in the soil pores. Flow through soil macropores will limit contact with contaminants present in 
the adjacent vadose zone soil pores since macropore flow is localized and diffusive flow away 
from the macropore walls would be limited in volume. 

II.5.3.3 Saturated Flow System 

Although the saturated ground water system was not included as part of this investigation, 
information was obtained during the Phase I RFVRI that provides some insight into subsurface 
ground water flow pathways. An understanding of the interaction of the variably saturated flow 
system present in the vadose zone and the saturated flow system is necessary to properly arrive 
at closure and remediation decisions proposed in the Phase I IM/IRA. 
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The saturated ground water zone immediately underlying the vadose zone at OU4 is 
termed the Upper HSU. This unit is composed of both Rocky Flats Alluvium and associated 
soils, and weathered bedrock lithologies. Ground water flow within the Upper HSU at OU4 
generally is controlled by the local topography. The SEPs are constructed on an east-west 
trending topographic ridge that is flanked to the north and south by tributaries of Walnut Creek. 
Ground water flow in the Upper HSU is generally toward North Walnut Creek north of the SEPs 
and toward South Walnut Creek south of the SEps. An east-trending component of ground 
water flow is also present east of the SEPs, with flow occurring down the ridge crest toward the 
confluence of North and South Walnut Creeks. Ground water elevations range between about 
5,965 feet above mean sea level (ft msl) beneath SEP 207-A and 5080 ft msl along North 
Walnut Creek. 

0 

Several important characteristics of the OU4 site hydrogeology control ground water flow 
and contaminant movement in the saturated zone beneath OU4. Ground water elevation data 
obtained from both the RFA and the bedrock lithologies indicate that the unconsolidated and 
weathered bedrock water-bearing strata are hydraulically c o ~ e ~ t e d .  Vertical hydraulic gradients 
generally are upward from the bedrock to the alluvium adjacent to and beneath the SEPs, and 
downward along the reaches of North Walnut Creek. Because of the fluctuating ground water 
table beneath the site, this connection provides a mechanism to desaturate the overlying 
alluvium. Potentiometric maps presented in Part 11, Section 3.3 indicate that the desaturated 
alluvium areas are smallest during the high water period in the spring and largest during the dry 
period in the fall and early winter. These desaturated areas appear to result in areas where the 
water table fluctuation is below the top of bedrock at low water level and in areas where the 
RFA is directly underlain by a sandstone member of the Arapahoe Formation. The latter 
mechanism is readily apparent'along the northern edge of SEP 207-C where the FWA underlain 
by the Arapahoe Formation sandstone appears to be dry throughout the year. 

@ 

Paleochannels present on the bedrock paleosurface appear to have controlled the 
depositional facies of the RFA that control ground water flow in the Upper HSU. Coarser- 
grained facies of the FWA are present in the paleochannels, providing a more permeable pathway 
for ground water flow. During periods of low water level, "channelized" flow in the alluvium 
is more apparent than during high water levels. Former surface water drainages that were 
buried during construction of the SEPs may also control ground water flow during high water 
level. 

The RFA is composed of as many as four lithofacies. Soils present in each lithofacies 
have different hydraulic characteristics that are controlled by the relative percentage of coarse 
particle sizes that comprise the soil. Coarse-grained lithofacies generally have higher 
permeabilities than the finer-grained lithofacies. As mentioned above, these coarse-grained 
lithofacies appear to be situated in bedrock paleochannels. The combined features of increased 
hydraulic conductivity and "channelized" flow control the local ground water flow and 
contaminant transport rate. 
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11.6 CONCLUSIONS AND RECOMMENDATIONS 

11.6.1 Evaluation of Original Ponds Area 

The Original Ponds area was investigated to determine if compacted clay liners or other 
soil materials remain in the subsurface and to determine the potential extent of contaminants that 
may have been associated with the Original Ponds. The investigation included geologic borings, 
lysimeter/neutron tube access installations, and a ground-penetrating radar (GPR) survey to 
evaluate the subsurface conditions in this area. 

The ground-penetrating radar survey did indicate the presence of an excavated area with 
artificial fill material of different composition than the native soils in the area of Pond 2 
Auxiliary south of SEP 207-C. Subsurface soil descriptions obtained from the geologic borings 
support the presence of artificial fill in this area. A single soil sample collected from borehole 
42893 was analyzed for physical and chemical properties. Atterberg Limits, particle size 
characteristics, and CEC determined for this soil sample (collected from between 3.0 and 3.7 
ft bgs) indicate that the fill material may contain remnants of former bentonitic clay liner 
material. Borehole 41993 also may provide some indication of the presence of the former 
Original Ponds. Geologic data from this boring indicate that non-native artificial fill material 
may occur down to depths of at least 8 ft bgs with clay-filled vertical fractures at depths of 12 
ft bgs. Trenches and piping not found on facility drawings also were detected by the GPR 
survey. These unknown pipes may be related to the Original Ponds represent the original 
process waste lines location which vary from the as-built drawings. 

Chemical analyses of soil samples collected from boreholes drilled in the Original Ponds 
area indicate few contaminants in either the surficial or subsurface soils. Contaminants that 
exceeded background include nitrate, zinc, americium-241, gross beta, plutonium-239/240, 
radium-226, tritium, and the uranium isotopes (U233’234, UZ3’, u238). These contaminants were 
largely detected in the boreholes drilled through the western berm of SEP 207-C and may be 
indicative of releases from SEP 207-C rather than the Original Ponds, or represent contamination 
from imported artificial fill material. Without exception, the concentrations of the 
aforementioned PCOCs detected in the Original Ponds area were lower than the PCOCs detected 
in samples collected from beneath the existing SEPs. 

Chemical analyses of pore waters obtained from the lysimeter installed in borehole 42893 
indicated that the following PCOCs, nitrate/nitrite, uranium-233/234, and uranium-238 were at 
concentrations above the RFP background 99 percent UTL for ground water in the Rocky Flats 
Alluvium. 

11.6.2 Distribution and Extent of Contaminants in Surficial Soils 

The objective of the surficial soils investigation was to evaluate whether contaminants that 
presumably resulted from aerosol dispersion are present in surficial soils. To accomplish the 
bbjective, an OU4-wide gamma radiation survey was completed, and surficial soil samples were 
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collected from 26 randomly selected locations, 10 discrete locations selected due to proximity 
to seeps and to provide additional data for the baseline risk assessment, and 46 borehole 
locations, for a total of 72 surficial soil samples. The samples were analyzed for metals, 
radionuclides, semivolatile organic compounds, and nitratehitrite (as nitrogen). 

e 
The results of the surfkial soil sample analyses indicate the presence of contaminants 

including metals, radionuclides, semivolatile organic compounds, and water quality parameters 
such as nitratehitrite and the PCB Aroclor- 1254. The metal and radionuclide concentrations that 
exceed background are grouped predominantly in the immediate vicinity of the SEPs, including 
on the berms between the SEPs. The distribution of the contaminants in this.area supports the 
hypothesis that aerosol dispersion of contaminated pond liquids was a viable mechanism for the 
spread of contaminants in the immediate vicinity of the SEPs, with the exception of Aroclor- 
1254, which was detected primarily outside of OU4; however, two samples were located inside 
the OU4 boundary. 

Surficial soils on the hillside north of the SEPs appear to have been contaminated largely 
through two mechanisms. Ground water discharges to the ground surface as seeps on the 
hillside north of the SEPs and contaminants may have sorbed onto the soils in that area. The 
drainage tile or pipe that is installed between SEP 207-A and the 207-B SEPs has an outfall on 
the hillside, and contaminants appear to have accumulated where discharged liquids contacted 
the ground surface. 

Sporadic locations elsewhere at OU4 have elevated concentrations of metals and 
radionuclides that do not appear to be related to SEP waste management activities. In particular, 
sampling locations east of the SEPs (outside of OU4) in the bone yard, an area formerly used 
for the storage of discarded equipment, and west of the SEPs in the industrial area (also outside 
of OU4), typically show elevated contaminants. Contaminants detected in the bone yard may 
have resulted from the material stored near those locations; industrial area contaminants likely 
resulted from the outfall of building drains (Bowman’s Pond area and Buildings 774 and 713). 

0 

Semivolatile organic compounds (primarily coal tar derivatives) were detected in the 
surficial soil samples at selected locations in OU4. A majority of the semivolatile organics 
detected occur at a small number of locations. The presence of these compounds is likely 
attributable to isolated point sources, including leakage of fuels and oils from vehicles. In 
addition, the asphaltic material used for lining the SEPs may also have contributed to the 
presence of the semivolatile organic compounds detected in the surficial soils. 

11.6.3 Distribution and Extent of Contaminants in the Vadose Zone 

11.6.3.1 Vadose Zone Soils 

Forty-eight boreholes were drilled and sampled during the Phase I RFI/lU. One of the 
objectives for drilling these boreholes was to ascertain the presence or absence of contaminants 
in the vadose zone. The analytical results of the samples collected from the boreholes indicate a 022/122431/21 .WPF 
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that contaminants are present in the vadose zone. These contaminants include nitrate, metals, 
and radionuclides. Volatile organic compounds were detected infrequently at very low 
concentrations and are not thought to be contaminants related to SEP waste management 
operations. Toluene, acetone, and methylene chloride were detected in a large percentage of the 
subsurface samples. As discussed in Section 11.4, these compounds are thought to be 
contaminants from field sampling practices or laboratory analytical techniques. No semivolatile 
organic compounds were detected in the vadose zone, except for bis(2-ethylhexy1)phthalate which 
is also thought to be a contaminant from field sampling practices. 

@ 

The distribution of metals and radionuclides in the vadose zone closely parallels the 
distribution of those contaminants in surfkial soils. The metals and radionuclides occur in the 
immediate vicinity of, and beneath, the SEPs. With the exception of barium, zinc, uranium- 
233/235, uranium-238, gross beta, and tritium, the contaminants typically show decreasing 
concentrations with depth. The exceptions listed are widely distributed, being found beneath the 
SEPs, downgradient (north) of the SEPs at seeps within the PA, and north of the PA in the 
buffer zone. The distribution of tritium in the buffer zone indicates that surface or ground water 
has been a transport mechanism for some analytes released from the SEPs. 

The concentration distribution of water quality parameters in OU4 suggests that nitrate 
concentrations decrease with depth and that nitrate is distributed similar to tritium. This is 
anticipated since nitrate is very soluble and would move readily with pore water, surface water, 
or ground water. Cyanide is present beneath SEP 207-A, north of the drainage tile outfall area, 
and north of SEP 207-C at shallow depths (0 to 6 feet). Cyanide is also found throughout the 
vadose zone beneath the northeastern portion of SEP 207-B North, and at depth (greater than 
12 feet) northeast of the SEPs in the buffer zone. 

0 
Like the surficial soils, sporadic detections of contaminants have been observed in the 

vadose zone soils and cannot be attributed to SEP operations. These sporadic detections occur 
most frequently beyond the OU4 boundary to the west near Building 779 and to the east of OU4 
within or near the former storage area or bone yard. 

11.6.3.2 Pore Water Analyses 

Pore waters were collected from single and dual lysimeters installed in the vadose zone 
at 15 locations in OU4. The suite of parameters analyzed varied depending upon the quantity of 
pore water obtained during sampling. The results of the pore water analyses indicate that 
contaminants are dissolved in water present in the vadose zone. Contaminants detected included 
metals, radionuclides, and nitratehitrite. Contaminants detected in the vadose zone pore waters 
are from locations adjacent to or below the SEPs. 

Vadose zone soil metal PCOCs detected in pore water above the background 99 percent 
UTL for ground water include barium, cadmium, lithium, calcium, manganese, potassium, 
silicon, and sodium. Calcium, manganese, potassium, silicon, and sodium are typical naturally 
occurring soil pore water constituents and are not considered indicative of contamination. e Q22ll2243Il21 .WPF OU4 Draft Proposed IM/IRA Decision Document 
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Nitratehitrite was also detected in pore water at many of the lysimeter locations. Of the 
radionuclides considered to be vadose zone soil PCOCs, gross beta, tritium, and uranium- 
233/234, -235, and -238, were detected above the background 99 percent UTL for Rocky Flats 
Alluvium ground water. 

a 
Detections of both metal and radionuclide contaminants consistently occurred in six of 

the lysimeters: Nos. 40993, 41593, 42493, 43193, 43693, and 43793, which are located within 
or adjacent to the SEPs. The contaminant detections often exceeded the respective background 
99 percent UTL for Rocky Flats Alluvium ground water. 

Pore water samples from some of the lysimeters were not obtained because either the 
location was dry (soil matric potential was greater than the vacuum applied to the lysimeter) or 
because the lysimeter was damaged. Attempts were made to collect pore water samples from 
locations 40293 and 40593, but they were never obtained because of the high soil matric 
potential. The lower lysimeter at location 44093 was apparently damaged during installation and 
could not be sampled. The lower lysimeter at location 40993 appears to be completed in the 
saturated zone and the pore water obtained represents a measure of ground water quality at that 
location. 

11.6.4 Hydrogeologic Setting of OU4 

The saturated ground water zone immediately underlying the vadose zone at OU4 is 
termed the Upper Hydrostratigraphic Unit (Upper HSU). This unit is composed of Rocky Flats 
Alluvium, colluvium, and weathered bedrock lithologies, and possibly artificial fill. Ground 
water flow directions within the Upper HSU at OU4 generally follow or conform to the local 
topography. The SEPs are constructed on an east-west trending topographic ridge that is flanked 
to the north and south by tributaries of Walnut Creek. Ground water flow in the Upper HSU 
is generally toward North Walnut Creek north of the SEPs and toward South Walnut Creek 
south of the SEPs. An east-trending component of ground water flow is also present east of the 
SEPs, with flow occurring down the ridge crest toward the confluence of North and South 
Walnut Creeks. Ground water elevations in OU4 range between about 5965 feet above mean 
sea level (ft msl) beneath SEP 207-A and 5070 ft msl along North Walnut Creek. 

0 

Several important characteristics of the OU4 site hydrogeology appear to control ground 
water flow and contaminant movement in the saturated zone beneath OU4. Ground water 
elevation data obtained from both the RFA and the bedrock lithologies indicate that the alluvium 
and bedrock water-bearing strata are hydraulically connected. Because of the fluctuating ground 
water table beneath the site, this connection provides for a mechanism to desaturate the overlying 
alluvium. Vertical hydraulic gradients generally are downward from the alluvium to the bedrock 
adjacent to and beneath the ponds, and upward along the reaches of North Walnut Creek. 
Potentiometric maps presented in Part 11, Section 3.3 indicate that the desaturated alluvium areas 
are smallest during the high water period in the spring and largest during the dry period in the 
fall and early winter. These desaturated areas appear to result from water table fluctuations 
below the toD of bedrock at low water level and areas where the RFA is directly underlain by e 022/122431/21 .WPF OU4 Draft Proposed IMlIRA Decision Document 
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a sandstone member of the Arapahoe Formation. The latter mechanism is readily apparent 
adjacent to SEP 207-C. RFA underlain by the Arapahoe Formation sandstone stratum in this 
area appears to be dry throughout the year. 

@ 
Paleochannels present on the bedrock paleosurface appear to have controlled the 

depositional facies of the RFA which controls ground water flow in the alluvium. Coarser- 
grained facies of the RFA are present in the paleochannels providing a more permeable pathway 
for ground water flow. During periods of low water level, "channelized" flow in the alluvium 
is more apparent than during high water levels. Former surface water drainages that were 
buried during construction of the SEPs may also control ground water flow during high water 
level. 

The RFA is composed of as many as four lithofacies. Soils present in each lithofacies 
have different hydraulic characteristics that are controlled by the relative percentage of coarse 
particle sizes that comprise the soil. Coarse-grained lithofacies generally have higher 
permeabilities than the finer-grained lithofacies . As mentioned above, the coarse-grained 
lithofacies appear to be situated in bedrock paleochannels. The combined features of increased 
hydraulic conductivity and "channelized" flow control the local ground water flow and 
contaminant transport rate. 

In 1993, water level measurements within OU4 led to two primary conclusions: 1) 
alluvial water level fluctuations during the 1993 monitoring program appear normal based on 
historical alluvial water level measurements; and 2) alluvial water levels measured with 
transducers appear to have shown a response to spring precipitation events at three monitoring 
locations and to a summer precipitation event at two monitoring locations. These observations 
lead to the conclusion that the increase in alluvial water level elevations at these monitoring 
locations is due in large part to macropore flow, local areas of higher hydraulic conductivity, 
or recharge from upgradient locations. Additionally, recharge from vertical infiltration is be- 
lieved to be localized, occurring at locations where hydraulic conditions are more favorable. 

0 

Ground water levels beneath the ponds were also evaluated during the investigation. 
Water levels beneath SEP 207-B South suggest that ground water is at the base of the liner 
during high water periods. Ground water levels beneath SEP 207-A range from about 4 feet 
below the base of the liner to greater than 12 feet under the northern end of SEP 207-A. 
Ground water levels beneath SEP 207-C range from about 4 feet to greater than 20 feet along 
the northern berm. Water level fluctuations at the site generally range up to 6 feet. Fluctuations 
are not as great beneath the SEPs, usually ranging less than 3 feet. 

The thickness of the vadose zone at the site ranges from zero at seep locations to as much 
as 20 feet (during periods of low water level) at locations in the buffer zone south of North 
Walnut Creek. 
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11.6.5 Vadose Zone Flow System e - 

The primary control on contaminant fate and transport at OU4 for the more mobile 
contaminants is the presence of a variably saturated vadose zone beneath the site. Areal 
infiltration through the vadose zone at OU4 occurs primarily during the late winter through 
spring when precipitation exceeds bare soil evaporation and plant transpiration. Therefore, 
recharge through the vadose zone is seasonal and only occurs during this period. 

Areal infiltration occurs through macropores and through interstitial flow in localized soil 
areas of higher hydraulic conductivity or where the vadose zone becomes saturated. This is 
evidenced by the relatively rapid response of the water table to a previous precipitation event 
that was observed at some of the piezometer locations at OU4. When deep areal infiltration 
occurs, variably saturated vadose zone flow is generally vertically downward from ground 
surface to the unconfined ground water table. Ground water recharge by interstitial infiltration 
is estimated for OU4 at 9 x 10” idyr. 

This small amount of areal interstitial infiltration cannot account for the water table 
fluctuations observed at the site, suggesting that the predominant infiltration mechanism at OU4 
is probably macropore flow. This apparent lack of interstitial infiltration as a source of ground 
water recharge may also suggest that the variations in ground water levels observed at the site 
result from direct recharge to the bedrock strata. 

Variances in matric potential with depth were observed in the vadose zone, therefore 
hydraulic gradients are related to both changes in matric potential and elevation head. 
Observations concerning the soil moisture characteristics of the vadose zone soils indicate that 
hydraulic conductivity decreases rapidly with less than a 5 percent decrease in moisture content. 
This rapid change in hydraulic conductivity with changes in moisture content may account for 
seasonal flow in the vadose zone. Consequently, flow in the vadose zone is not constant, but 
varies with the heterogeneous nature of the subsurface soils and their moisture content. The 
heterogeneous lithology of vadose zone suggests that significant variability in hydraulic 
properties and moisture content occurs with depth. Consequently, variably saturated flow 
through the vadose zone sediments is not uniform and may be significantly accelerated or 
decelerated by layers of varying moisture content and hydraulic conductivity. 

@ 

The apparent lack of areal interstitial infiltration at OU4 suggests that contaminant 
transport occurs along areas of localized saturation or through macropores or other areas of 
limited higher hydraulic conductivity. This type of flow system minimizes the potential for areal 
infiltration to mobilize contaminants present in the soil pores (interstices). Flow through soil 
macropores also will limit contact with contaminants present in the vadose zone since macropore 
flow is localized and diffusive flow away from the macropore walls would be limited in volume. 
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11.6.6 Recommendations e 
The following paragraphs include recommendations to aid in the evaluation of the nature, 

extent, fate, and transport properties of OU4 contaminants. 

Geophysical Surveys 

. The ground-penetrating radar survey of the Original Pond area south of SEP 207- 
C was successful in locating undocumented trenches and piping. It also indicated 
the presence of an excavated area adjacent to Building 779. It is recommended 
that a soil boring be positioned at the deepest portion of the excavation and 
examined for potential contaminants. As for the trenches and the piping that were 
not shown on the facility drawings, it is recommended that additional GPR 
surveys be conducted to determine the locations of the unknown trenches or pipes 
in the subsurface. 

. The limited GPR survey within SEP 207-A did not locate any near-surface pipes, 
but it could not be determined what depth of penetration was being achieved with 
a 300 Mhz and a 900 Mhz antenna. Based upon the number of trenches and 
pipes observed within the Original Pond area, it is recommended that additional 
GPR surveys be attempted in and around the SEPs using a lower-frequency 
antenna for better depth penetration. 

The refraction survey, in conjunction with the borehole descriptions, proved to 
be successful in identifying the bedrock-alluvium interface, slump blocks, 
paleotopographic channels on top of the bedrock, major soil textural differences 
within the alluvium and bedrock, and a weathered zone within the bedrock. 
Piezometer 44893 in the buffer zone northeast of SEP 207-B North is situated in 
a paleotopographic low. Additional, more closely spaced refraction seismic 
surveys will better identify these paleotopographic bedrock surface channels. 
Several boreholes should also be drilled along the refraction seismic lines, and 
samples should be collected and analyzed for strength properties and density. 
This information will be used to more accurately correlate seismic wave travel 
times with soil and bedrock properties. 

Water Level Measurements 

. The draining of SEP 207-A, 207-B North, and 207,B Center appears to have had 
an impact on ground water levels, as evident from hydrographs. Water levels in 
the monitoring wells north of the SEPs appear to be lower by about 0.5 feet. 
Continued monthly water level measurements would verify the decrease. 

. Because the ITS effectiveness evaluation demonstrated that underflow is occurring 
in some areas, additional piezometers or wells should be installed to determine e 022/122431/21 .WPF OU4 Draft Proposed IM/IRA Decision Document 
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if contaminants are also moving beneath the ITS. Conductivity measurements 
may also be useful for evaluating contaminated ground water moving beneath the 
ITS. 

0 There appear to be dry alluvium and channelized alluvium flow areas within the 
ITS during the spring. Additional piezometers within these areas would verify 
the presence of these dry areas and areas of channelized flow. Additional seismic 
refraction data in this area would help identify well or piezometer placement 
areas. 

. An understanding of the hydrogeologic setting around SEP 207-C should be 
undertaken to determine if VOCs present in the ground water are sourced from 
the SEPs or from upgradient sources. Tracer tests are recommended to determine 
if ground water in the Arapahoe Sandstone underlying and north of SEP 207-C 
discharges contaminants to the northern hillslope. 

. Monthly neutron moderation monitoring at all lysimeters is recommended for a 
full year to determine the seasonal water movement in the vadose zone. Closely 
spaced neutron moderation monitoring should also be conducted daily or weekly 
following a large precipitation event. 

Recharge Studies 

. To evaluate the presence and ability of macropores to recharge ground water in 
the OU4 area, recharge and infiltration tests should be conducted over small 
areas. 

Contaminant Analyses 

Small areas or "hot-spots" identified for remediation under the IM/IRA, 
particularly on the basis of historical analytical data, should be resampled for 
confirmation prior to incorporation into the final design. 

. It is recommended that all the lysimeters be resampled and analyzed for 
americium-24 1, plutonium-239/240, and other PCOCs that were not analyzed 
during the Phase I program in order to better identify the extent of contaminants 
in the vadose zone pore water. 
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